Control Osei Llator was developed to combine ease of 

a maximum versatility. The VCO=3A is a blocking 

+t frequency can be varied as a function of the amplitude 

> control voltage. It thus operates equally well with tier 

S, fiving it a wide range of applications. It can be us 

- operating or supply voltages, or it can be used with comes 

ty of transducers whose outputs are ac or de signals proportional to 

quantity being measured, The VC0893A oscillates over a wide range 
es” ne is used on ergs 3 through 18 It is used with high free 


t= p * 
eee teation of the oscillator are peceet ional by easy. The sensitivity 
cor is ee Ane — of bandwidth with standard pUae- aes 


Potent esi te ‘with temperature sete rede of the RC 
as achieved stable performance even in the critical POLARIS environment, 


a simplified block diapram of the VCO. The frequency control cir= 

s of a loop which is formed by the blocking oscillatar, the tran- 
Q1, the RC network, the pickeoff diode CR1, and the emitter-follower 
lifier combination. In the normal course of its operation the blocking 
which is free-running, sends a nositive trigger pulse to the tranc‘s- 
Ql. naee closes the switch and shorts condenser Ch-C20. The voltage 


s 


fter the positive oilse from the blocking nee itor ends, the transistor switch 
ute off again and the condenser Cl-C20 starts charging tows ed @ positive 

As soon as the voltage at the junction of R8eR9 and Cl-C20 rises to a 
Lliivolts above the input voltage, CR1 conducts and couples the rising vole 
30 the emitter-follower triggereamplifier combination. Here it is amplific: 
inverted, appearing in the output as a large negative going signal. This: 

al is coupled to the sync input of the blocking oscillator. The free-running 
od of the biocking oscillator is 20% to 50% longer than the charge time of 
anser CheC20, so the arrival of the trigger pulse causes it to fire early 

Se iearing. of the blocking oscillator initiates another pulse which goss to 
eer: switch Ql. This abruptly terminates the charging of condsnser 


es tween these cycles, is of course, a function both of the RC time 
of the frequency control network, and of the voltage at which CR1 starts 
e The output of the eid can thus be frequency modulated by seaeisie 
e (0, + .75 volts) which will vary the bias on CR1, Figure 13 
fon ches. of ieee @ negative or vositive signal to the innit 
¥s et a veriod of oscillations. As the center-frequency of the VCO=3A 
ake the RC network, shown ia the aa block diagram, and not 
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1 ithe. pee osci epee circuit 

ired, The frequency will vary, of 

© with tenperature. The two Zener coat 
Q EB, and make it independent of supply 

tion 4 d to eliminate RC drift with temperature. 

ae Pons ee 

sect 2tator, is a sawtooth ‘voltage which is coupled 

3 s clipvereamplifier is essentially a 

rmonie es By eliminating the second 
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ap rtial PoHEnetAG of the Pees eries con} rol portion of the VC0=3A, 
in the basic loop but the blocking oscillator. The two 

e voltage across the RC network to approximately 29 volts. 
ly discharged, the voltage at the junction of R9 and Ch is =22 
. charges towards a positive voltage whose maximum amplitude, (as 
y Ry), is 7 volts, G2 and C8 are filter condensers, preventing surges fram 
r Ch or the blocking oscillator from getting into the reeulat ted voltage, 


the initial set-up of the oscillator, Rh is adjusted for 7 volts, The 
frequency is then set by selecting ch, C20, R@ and RO for ths channel 
ed, After chamel calibration is completed, RL can then be used to adjust 
frequency ranre for use with a certain type of transducer. If the outout of 
ansdueer, for exarple, is + 0.75 volts, then the Rl setting would not be 
wed. However, if the outpat of the transducer were 0 to + 1.5 volts, then 
ould be adjusted so that center frequency was obtained with an inwt signal 
0.75 volts. Fipure 1) shows how Rl chanzes the frecuency by chenging the 
ng voltares J . 
ind RO are a carbon film and a wirewound resistor in that order, and are used 
teriverature conpensation of the frequency control network, They also compen=- 
, for temperature effects in the two Zener diodes, both CR3 end CRh having 
tive omaha eed iti seuacins ds 3 ee a FINE _adjustnen it on frequency, 


1ce is base of al, the: transistor switch, is at the sane potential as its 
opted it is normally “off". When the 5 volt pulse arrives from the winding 
lene oe Qi is turned none and shorts ae C20. Base current develops 


iestnode of the pickeoff diode, CX],is at the input sipnal potential. This 
e is "off" until the voltage across Cl rises to a value slightly positive 
pect to the input signal potential. CRI then conducts and couples the r 
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ALE, through C6, to. the base of the enitter-follower Q2@. The voltage across 
continues to rise until it is between 20 millivolts and 0 millivolts vositive 
: aspect to CR1 cathode, at which time triggering of the blocking oscillater 
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and Chis” discharged. The large negative spike following this snail 
/ rise is due to differentiation action by the internal aes aclty of CR1, 
charge of Chis coupled through this capacity (CR1 internal} to the base 

tl enitter-follower shown on the waveshane as a sharp negative spike. R13 
oe 7 a Lty adjustments During initial set-up a standard calibration 
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e input and R13 is adjusted to rive a 
» The Thermistor provides temperature 
represents a plot of output frequency 
libration voltages. The change in 
itivity of the circuit can be compensated 
hi 


gher tenperatures, The Thermistor, having 


neg erature coeffi » allows an increasing portion of the input 
nal to be avoli | the tenperature rises. . 


and provides isolation between the trigrer-anplifier 
network, It has unity gain and its cutpat signal, 
coupled through C7 to the base of Q3. Q3 has a high 


i, This injection of the triggering pulse is shown in 

tial ematic of Fipure 12. The time at which triggering occurs 

netion of the rise-tine of the negative spike. Therefore it is desireabls 
ave as high a gain factor as practical. . 


pulse is coupled, as a positive pulse, through Tl to the base of Qh 
to conduct. The voltage developed by current flow through R21, C10 
the emitter curevit, however, is large snough te cut-off Qh at the end 
tive trigger pulse, The large pulse of current, which charges C10 and 
off Qh, also excites the tank circuit (T1) into oscillation. The 


: cle of oscillation is absorbed by CR2 and Ql remains off. After 

ff, the voltage across C10 and Cll drops exnonentially from its peak value 

he next trigger arrives, when the condensers charge again. Thus a 3 volt 

. peak sawetooth voltage is developed which is coupled throur> C13 to the 

oo im Ss po 

biased at near saturation current and base current flows during the vositive 

m of the sawetooth signal, Double clivping thus occurs, the base current. 

» off the vositive swing, and the negative swing cuté off QS. The resvit 

proxinately a square-wave signal in the collector circuit, having an amplitude 

8 volts peak to peak, By squaring the waveeform, the even harmonic content is 

iderably reduced, enabling more efficient filtering with a smaller, more Gcie 

, bandpass filter. R28 provides an output adjustment. 

amplitude tell-tale po:mits monitoring of sume event (such as stage separation). 

connection is normally shorted by a breakewire, By grounding ome end of R31 

2 negative supply voltage is reduced by the divider formec by RS and R31, Upon 

sning the breakewire, a greater supply voltage is applied across Q5, increasing 

the output signal 30% + 5%, This amplitude modulation of the output thus provides 
2 record of event times — i e- | 


e “MISSILE SYSTEMS DIVISION 
= 


po fp 
po 
a &' 

Zz 

o 
ase = | 


mas 
. 


Ta Co 


Nie CY \ 
‘ ~ %s 


“ 


PL 
ea 


me 
|) (152 eee 
Snes 
ee ae 
pe sadsee iti ae 
aan eee a ae | hs | | 
eis kl | tf SSCS 
Meee ei tis) fl eaten 
(REN Sha Ghee 
(S889 an Stat ae 
aa a eer Ptr da 
Bett et tee eet tte 
o REQISS ORT ease. 
<33si usec seeuanneeeeUsca u 


MEGag eG 


Lt [ney | | | | 


f) A 
ASE a 
0. 

a 
Pim 


Lear WY A se my 4 


Bens, 


5 
rH 
B 
ae 
i 
* 
r: 
ai 
PEE 


& 
2s 
# 
x 
ah 
= 
ke 
4 
= 
| 
lora. 
moe 
ht | 
kes | 
fs bl 
aee. 
ie 
rai 

is 
ee 
Es 
we 
BERG? ci 
SCRE Se he 
Me Res 


ae 
= 
" 
el 
a 
a 
= 
= 
as 
fae FE We 


a 
2 
ner} 4 
aaa 

me Ze 


ia 
ié 
=eiBiwias 
A 
Re 
« 
oe 
Ed 
bs 


& 
a 
‘ei 
Wi 
7:28 
moe 
a 
5 
oe 
7 
= 
” 
= 
a 
ine 


y 
a | 
ee) 
= 
) 


z 
1 
Se 
Stee 

wane 

< 

aq 

e 
Part | le 
ied 
C1 ems 
1 i ins 
aie 
cone 
wa 
a A 


: 
: 
i 

f 
3 

v 


Digitized by the Internet Archive 
in 2023 with funding from 
Amateur Radio Digital Communications, Grant 151 


https://archive.org/details/lockeedagustinlu00unse 


ee eae 
Prepared MISSILE SYSTEMS DIVISION 
ie Ss ER ES 
eee ee 
eee ea ears 
o° >.) (SES (ee 
See era 
{a2 [caeaGeal/eeoCem 
Peer ee eee 
| 02° bet 2s2. 79 
) 5588802 EPEC 
eS ac 
Po ree eee 
Setter rt eee 
1S 2S Ea 
Pee ree ere 
SS a 
ee eer et aes 
Ty Miifititis ttt sel 
 SEERCST 2 Dee 
SSF O5 O08 Ce 
Pee eee ea 
ee eee ee es ae 
ea 0 hee eae 
28S SCGRVeaee 
Boe 
CCR AI 
NCO PRR 
ea aaim 
ReSeie 
Poe 
POE R PRT 
Py i ar ith. 
a 
Seeeee0e 
eb 
Gk a 
PI Pid ta 
CN ae Se ee 
“CRSA EE 
rt iy PL: 


‘ aia 1 LA ee 
+ we al 

os ‘sie 

7 ae | ~ “a , : 
4 


i 
ty 


}* 
ea 


ai ye 
an Bet 


LAAL tome) 


an | 
“es 
4 ‘ 
al 


<p 
ee a eee 


a 


A wm 


= ee ee 


= 
tan 


i 
a9 


a = % = = at = : 
a ee = 
~_—_ acini” ES =a oes 5 
SS ee 


‘A 


‘i 
2 


Peaks 
~ So 


Rete 


2 i 


7% 


Pes AA aK 


= 
= 


F 
J 


s 


S&S 


a 


5 * 


= - 
a 


« 

la 
pe 
=- 


$k Sais be 
> 


= . 
—s, 7 is 
= 


4 al 


OCKHEED AIRCRAFT CORPORATION 
om MISSILE SYSTEMS DIVISION 


a aS 


a Ala 


im AE 


~ SuSeaereen = 


ss 
vie 


3 
Fike 
pel ta) 


ad 
re 
wee 
aie 
x 
& 
= 
\ 
* 
ie 
Mai 
Ri | 
Ll Pa 
si sien mm 
RuERNS 
eee ON I 
RE SSSA as 


‘hips 71S 
‘ 
a 


Se 


pe 
ral 
¥ 
Sy 
as 
| 
ae 
it | 
ay 
er ht howe fa. 
PP) bis ey 
ives] 
= 
a 
t | 
a 
Be Iea5 


es 

oR ® aaeaue a 
SR PBRRe 2a of id ae 
(ie. eae 
eRe eee a0 ra 
(SRGGRS 2s eee w 

ett aoe eh 


Pe ee Ceo: 
Z- 
@ 
= 
= 


~ 3 
1 
BaSSSRUER peo 


FORM MSD 302 NR 


- 


| 

| 
al 
ae 


ry 


-*~ 


= 
4 
¢ 


ot Behe Ae rt) 


oie 


ia 


cas 


io 


; at 
[Hater re Pa te pane} 2 


et) eee id 
|Saaeeens ae ei et 


\ 


mar ae ae 


i 


va 
a 
LNI | 


N y 


Ne 
'\ 


ie 
S/n a tine ee 
4 eee cae 
> 9 > 


‘saa 
ee apa ue 2 
ee ee ee) | el deb tel | 
Boge a 


Zags 22 
2 eee baa 
3. V2 eee!’ Bae 
))} Sees Cen e 
AG EIA 
ie SERse 


\ HS 


' 


eo 


SERBS 


ya 
ial 


’ 


mf el Red eee 
ert tte yim 
eiee pa et Praaetae 

| Lt | “Bore 


\ 
& 


Sea 


ix 
8 
& 
ee 
= 
re 
3] 
Fs 
— es 
— 
: 
m 
oe 
a 
| he 


pen E02 rely 
bea etn es act 


aa 
a se 
ee ma Gatien 2 a 
: , pl 
g om 
a EP —— I I LS Se 4 va 
“chi s° aS RR aaa 
te ee | ike edede re 
wi oe 


SER ESRERE 


je 


FORM MSD 362 


— o \\ 
4 ® ~~ 
7 
c “4 * 
“ : ec ts Soe 
a 
. > + 
- 
~ ee a 


Wa AS 


« is 
i 


ree . ae oak 


‘i ge ee yen 


wy aN 
At A SR 


—_ 


B bi: 


wy ea 


aggre 


ae 
Fe 4 


{ees ath hs 


t 


shoving 


ee ce) saath | fae ae 


Ae a. 


ee Home de tere pyy 


LOCKHEED AIRCRAFT CORPORATION 
MISSILE SYSTEMS DIVISION 


alt 
hl = 
4] fer Zz a Ga Report No. 
ae 


02" ecm eee 

Bare abner) ladave 

(22 8Ne 2088 OF See 

Pee eer 

gee pete Ben ehce | 

Ser dal) | aeteex al Ae ee 
if 


a0” Saree 
s Caeser e —— v2 Creteefict AZ Oe ye om a 
7A e Ary lele 
be ddeke lai bolZel | | tf 
, C4 CMS 2 as 4 


iJ 
& f_ “J “Lt —“g- tte La ete Ot ms 
a Md ot Li ae < 
(fa “f 


x 
aS 


ee 

nl 

\ 

aN 

“en 

S 

BP ht 
Raves 


» 

aw 
aw 

& 
Pa 

\ 
i) RR 
ABN 

\ ig’ 


a 
= 
4 
——, 
¥ 
a 


— 
2 42 
s 
—— 


ies 


‘ 
* 
‘ 
oe 
i? 
. re 
ge we hy 
A » 
$ x 
ry 35 , 
ai PD +o 


; n a ; 
AR See a 
3 ” | “4 


ae ae a 
i B aoe | a 
x 

“3 

ial 


" 
V | 
7 ft 
, f elas Pik ? 
; P , | . ; 
a 7 Ving bo ; a ‘ 7 
, ae Me, ee te ; 
* (on a ‘a + nS “4 > 
. >. ee jer a ay 
= 7 : a ~ : 
Ra ¥ ~~ on yy, + ->-e as a a‘ eo i “ « 
if r 
t ' i ve ‘ 
é m4 
* 2 . = . Ne —, “i aN ‘ * =. ! - 
i | 4 2 ons 4 hi 
~~ bs on *< b 
9 i ate tt Ske b,c ety tating SS mt rey Feo | 
r 
sa, a hy ee | rob Sor Reena Na aay 
- : + ; nr ae i if 
6 ay ae Se SW euplan TE. TRI Po >» : ping 
reer rw + a i, i 4! i 
— A ne? Mpa a. Rae ee _— Lies. ' ‘ As 
' 7 
hy ™ "ii, 
AL * . “ty ‘ _. ee a i 
Yu. ¥ rao a n ’ ae a —* ‘ i tf 
a : ' i ; - 
YS S& \ + oo ; *% cx be Pas Ht _ iF 
» 1 oe 
a, re Pn eey , { 7 } ‘ 
yy so) » ~~ “\aee spt fy Wo I t PW pnd; an i ! 4) y 
™ ‘ 7 j . Vi ee See : : | He 
~~ ‘ > 5 "te Mes ~~ ireebey ae aa >. : i 
ak 
“af ul Wil 
7) \ .¥ } * wie 4 4 aN, 9 | 
) LS ne 
RC, | Ee 
” 4 * i t 
Vor Ry a, a! Ma NS ee 
| t i me | 
iy i ~ ° jade ‘ao ni 
oat s # ee iy 
— . ren : oe hy " mM 5 ty 
SS. Av... 2 Sea ut 
, “ 


app tih Sea aa aa vo Dal / 


= ~ = @ 5 .s-. rks bade 


woohas itty qe aed : 
<) a 
eer se 


Le 
i 


a el x Oe nies f_ te 
y iy pl 


VN SERA ES Raa 


, 
os 


Tet ste. 5 lie 


' } 
fe ; aan 
rae x ay oe 
reps! Saas 


ioe) %. eg 


‘ > 

= ; sf Ma f, 

’ a. ap } ve 1 
cake + , 

. | ar y bie edd " 
. , 7 ; He P : k : 

2 vu \ eg! @ ; 
>» ; Vah eury egies aes 


Rar", 


y ' en 1. dal 


ee AB tte —— Pike + a a _- owe «“~ “89 - oe _ a ees 2° 
7 ac ittne C c ny OCA SE y oF . ere? A wae} sn 6 wi t)> ' 
FT is Yy5 we mr af . é ; fe NAM : : ‘ . | ri ee : re I{G ~ 
’ ‘ , 


uo (G"O, CORE | 05/62 


i 


Ln ae ee se ee ae pwr tr man me soniye airmen oon ee as ee ns a enti 2 
w 09S Iyittota * “iat 4 : on6 ai yea | i KPa ( ocsn2 
, Te 3 ; J 


i ' R : t 
nee pe recon oe = ee EE: See ———— cn. | rs — on oe _— ana ene eeme—a ES ed oe ee a ee ee = 
it n095 ' wZnG*O | = | 6 u QA0OOr A gE flo | nOtO'O! 05292 i O0€e2 OSEgt Lt 
7 ; ; 
— . ‘ ' ~ 
a TN RE Cy repr me ar - said ‘iri ina =~ ete tact Lo} ae 7 os —s . z - or : * — ee _— ee meine Ee . - 
18 : oY O9S aS 890 “ t ; - ei 7 I ‘e% | y C4 . é j ut ra* oT ” } 4 Og Ooodt a ; QO it t 


0 : hoe lkdat. 
st a Oc aug? dashes libea Ma OG : a ; .aoly 0} 


uae ane. | n L°O , 1. is eel x 02 ‘i r ul o°at OOF SE 


Et n 022 eae se ge tea HEO"O) TH Oe w {| weeo'd, OOOTE | 


pacar be sone — SNe te Ae Cir neater cemiignanre ttiatreemndtts oe re remy ee ee r a ee 


wv OUdE | th i eno + aati i Hoc} “ neeo°d: OG4 2 Osta OSEL of ert | 

: : ‘ 

Fun ook. .y 22°o. ate on ; ct { wecoo] QT ti | ai10°O. . 0629 COOLS OSTtS wT 
ieee en Eo =3 aes 

ad TOO | 009" } SLU | OSit ot 


wagu"d, OSeC | Ak 
LOO) wee | ou | uego'O,  OSGe Gzea |  O0ke 


0516 ; 00S% 


> 
‘ 


¥Qt : & a8" vr OST 


* os 


Pare 1 of 2 ares 


flack Dot 
+ 21 Vic 


Blue Lot 


a 
= 


+ 10,5 Vbe 
White bot 
22225 Vic 
ese pt ise transformers are quite fragile an expensive. '‘'f a lead is pulled 
ru the outer seal of tie transformer =~ by pulling a wire te onc side - the 
nsformer generally becomes defective. : 


ckine Tre Transformer TMefore !nstallation 


es 


1e Vi rious transformers used on the VCO can be and sheuld be checked prior to 
nstaliation on t'e board. 

a 

Use either a VOM or a VIV' on the times one (X !) scale. dero the meter and 

> as follows: 


A - Across Pins 1 and 2. 
' B = Across “ins 3 and 4. 
P C« Acrors Pins 5 and 6. 


ote: You measure across o»-osite leads on tie tran°former. 

a } 

e fol ic ‘ing valucs were taken from au averave of reacings fer ten (10) 
ansformers in each Dash ‘series. A new puise tronsforvzer (unmountcd) should 
-eadines which are very Close to those in tie follo ing table. Me «rread 
ah es for the trensfermers, which were ~oysured, varied over a very narrow 
. (from 0.1 to 0.3 ohm). 
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Resistances 
Scale on meter) 


Dash “hers 


Co eneteietet tated ae 6.5 4,9 2.8 


> in the same manner as wren wmmocunted ~ Wirt Pu seek. 


amb rs in the diagram on care 1. A slight variaticy in these viiues 


1s 30/89 


ae eee Cf 


mounting on the board, a ouick ebeck can and “honld be made, by o% 
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PILPER DATA NOTES 


Vaiues are fixed for the coils aml coupling condenser and should not be change, 
except as a last resort in rework. Average values for C 15, C 16, C 18, and 

C 19 may be adjusted for correct attenuation in rework. Changes should be meds 
in very small increments, especially on high channels. 


This is the approximate frequency to which the H-P h0O-D is peaked. (Note: 
This mid-band frequency may deviate by as much as 3000 cycles from these values, 
as in the case of CH. #18. In ay event be certain you tune for the highest 
peak - if more than one peak is present.) After peaking, the DB. meter needle 
is set on 0.0 DB. by adjusting the amplitude knob. Record this frequency as 
read on the counter, which should be oluged into the H-P 200 ~ CGD ossillator. 
This becomes the mid-band frequency and all attenuation values, for LSD 
channel specification are rezd in reference from this point. 
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STRAIN GAUGE MEASUREMENTS FOR 12-20) 
ite Lhe 


INSTRUMENTATION APPLICATION DEPARTMENT 
ELECTRONICS GROUP 11 


> 


TECHNICAL BULLETIN 
PURPOSE OF REPORT s 


Ce ne me ene + 


1. To discuss some of the problema encountered in the 12-204 Polaris 
strain gauge measurement in more detail than was possible in the IDC covering 
this subject, 


2. To present useful mathematical formulas for calibration of such a 
system, 


TECHNIQUES FOR LOW RANGE STRAIN GAUGE MEASUREMENTS: . 


An IDC titled 12-20 Strain Gauge Measurements by this author was igesued 
on March 18, 1958 and sho @ Cone or gene system information. Things 
that are obvious in the IDC will not be repeated here. 


Figure 1 shows the normal per channel telemeter system using a high gain 
dual loop oscillator and a four arm strain gauge bridge. Figure 2 shows the : 
equivalent circuit of such a system (See appendix for derivation of bridge circuit). 

: Since the input transforser of the dua). loop oscillator is terminated in the phas- | 
> ing network, the input impedance is NOT a pure resistance, but an impedance Zip. . 


To increase the sensitivity beyond the maximum reliable sensitivity of 
21000 » In/in possible with the dual loop oscillator alone,a small transistorised | 
amplifier was added as shown in Figure 3. The equivalent circuit of such a sje tem 
is shown in Figure 4, It has been possible to get full band sensitivities of +33p 

In/in with this system. S 


| 
A desireable feature of such a system is the ability to go to lower sensi- | 
tivities by removing the amplifier and jumpering its terminale without the neces- 
sity of any other adjustments (such as re-phasing the dual loop oscillator). 
| 
: 


Since the dual loop oscillator is sensitive to any unbalanced phase shift 
in the feedback loop, it should be obvious from the two equivalent circuits that 
Ro must be identical to R, if there is to be no change in when going from the first | 
to the second (if Z4n is soratant ). 


To meet the requirement, it was necessary to add a resistor in series with 
the output of the strain gauge amplifier since its intrinsic output impedance waa 
lower than the output impedance of the bridge. 


CALIBRATION CIRCUIT: 


The complete circuit for the bridge and amplifier including the inflight 
| calibration circuits is shown in Figure 5. Using the equivalent circuit for the 
bridge previously derived, yields the circuit shown in Figure 6 for normal opera- 
tion, 


It has been found that the input impedance of the strain gauge amplifier 
mainly resistive therefore Ry; can be substituted zoe 2L° 
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From this circuit, it is obvious that fo” Es Z me 
in (Ry + Ro? be Rr) 


Let E,'equal the voltage feed to the amplifier during calibration, es derived 
in the appendix: 


E,' = : Rp (2) 
c 


Equating (1) and (2) and solving for S 


Se#R R wa Hee: + 'R (3) 
GF. Rel Zp 


Alternate Calibration Circuit 
Since strain causes the bridge to change resistance, tension can be 


simulated by shunting thesactive arms with a resistance and compression simu- 
lated by shunting the active arms with a resistence. 


Ro | 
and the parallel cembination of two resistors R, and R equals Ro R (5) 
, Ro +R 


latOR'! = change in resistance due to shunting Ry with R 


e 
AR! {Fo - RoR |- R 
+ Ro + R 


ogee if R>> Ro | (6) 


substituting (6) in (4) yields: 


Since: ; 
| 
: 
| 
| 
; 
| 
| 
| 


| 
| 
| 
| 


apparent strain (5S ) = Rp (7) 
and AS = -R 
Zk YK (8) 


SEUNTING OF BRIDGE TO REDUCE SENSITIVITY: 


Last minute sensitivity changes can be easily made by shunting the bridge | 
with a resistor Roz as shown in Figure 5, with this resistor in, the equiva- 
lent circuit of F 6 changes to the one shown in Figure 7. Solving this | 
circuit for = yields: | 
} 


(9) 
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However for full band deviation * * 

| sui res 
Therefore equating (1) and (9) ami solving for Raz yields: 
Rez Ro(Rao'* Ry) 

2" 1 (Ro + Ro? + Ry ) (10) 
where St 1s the ratio of the full bandwidth strain with Re3 in the circuit 
tae full bandidth strain with R 93 Out of the circuit. 

INPUT IMPEDANCE MEASUREMENT: 


It can be readily seen from the foregoing equations that: the input 
impedance of the strain gauge amplifier MUST BE KNOWN. 


The best method of measuring the input impedance of the amplifier is 
with it actually in the circuit (dual loop oscillator connected to a free 
quency indicating device). To do this, a known stimulus is applied and the 
deviation again noted, Since deviation is proportional to input voltage and 
the input voltage will be less with the series resistor in the circuit the 
input impedunce ean be computed. 


Figure 7 is the equivalent circuit for measurement of input impedance. 


With the switch closed: 


=e = Ry (11) 
in Ro + Ry 
With the switch opened: : 

Eo' = Rr 

Ein Ro + RL + Ry . (12) 
Dividing (11) by (12) and solving for Ry 


ad i ae “Ro 


Ba 


oie the ratio of deviaticms ef the dual loop oscillator is preport. snes te 
Eos Ds can bo substituted in the formula. 

& 

APPENDIX 


(13) 


The matrix for a oridge as shown in Figure A is: 


TT A Nn es rtf thst SS StS SR 


OE a eS 
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vw ‘ 
a2 


te ee 
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Zn + 2m 22m Zn 
ae a 
2 Zy + Z 
Zn > om 


Figure A 


If Z, are strain gauges that change resistance due to strain, and this change 
is given by A R = G.F. RS where KR, is the intrinsic resistance of the gauge, 
G.F. the gauge factor and 5S the strain, and 2, are inactive balancing gauges 
of the same type as the active; it can be easily shown, that the equivalent 
circuit of such a bridge is the circuit shown in Figure B. 


Figure B 


Proof of Calibretion Eauation 


Figure C is the circuit for cither cal + or cal - (Polarity reversed for 
cal -) 7 


wnere Ry = Ko2 2, 
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Dual Loop Bridge 
Oscillator 


Fig. 1 


Ro 


Zin Eof/O 
Fiva2 


Dual Loop 


eee Oscillator 


ee ee 


Deviation = f [Eo, 0 | 


Lual Loop Bridge 
,Oscillato 
Fig. 3 
Ro i R \ 
| | f Deviation =f [zo, ol 
Fin G,F,S ab = 
) 2 BA) Zin, Bo /O a 


' Dual Loop 
| Oscillator 


Fig. 4 
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TOPIC : INTRODUCTION TO TELEMETRY 


1. General 

A development program for a missile such as the Navy 
Polaris requires specialized instrumentation capable of providing 
in-flight missile performance data. A wide variety of informa- 
tion must be monitored including aerodynamic measurements, 
control attitudes, guidance parameters, space coordinates, 
acceleration vibration, pressure, strain, critical operating 
voltages and temperature. Between 200 and 300 separate inputs 
may be monitored on a given test flight. These measurements 
demonstrate the functional reliability of the missile in an 
operational environment and provide the design engineer with 
vital data on the performance of the guidance, air-frame and 
propulsion systems. 

The link between these measurements and the data 
reduction facilities on the ground is called a radio telemeter,. 
It accepts inputs and transmits them over three separate radio 
frequency links, This telemetered data is almost the only 
justification for the cost of developing and testing flight 
vehicles, It has been estimated that 85% of the tangible 
results of a missile test flight are contained in the telemetry 
records, Therefore, it is essential that the telemeter system 


be reliable and that the data be accurate. 
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Ing space, If the primary flight objective is re-entry body 
development, however, over 90% of the total transducers will 
be located in the re-entry body, and 80% of these will be 
temperature pickups. 
2 Development Program 

To meet the pressing requirements of the Polaris 
Flight Test Program, Lockheed Missile Systems Division 
initiated a transistorization program for the Polaris 
Telemeter, Lockheed was able to draw on 10 years of telemetry 
development experience, which achieved accuracies of 1% and 2%, 
on 4 routine basis, in such high performance vehicles as the 
X-17, the X-7, the Q5 and the early Polaris-type test vehicles, 

Due to the accelerated flight test program, early 
test flights used whatever equipment was available, The 
development program, however, has achieved dramatic reduction 
in size and weight. By eliminating the need for filament 
supplies, transistorization has also achieved appreciable 
reductions in power requirements, Lower operating voltages 
have eliminated arcing and have eased pressurization problems 
in high altitude operation, The use of etched boards, compact 
construction, and short leads, naturally improves ruggedness 
and reliability, especially in high shock environments, 
Transistors are also much less susceptible to vibration than 


are vacuum tubes, 
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System flexibility has been realized through the use 
of Modular construction throughout the three telemetering links. 
Phase Sensitive Converters, power supply monitors, subcarrier 
oscillators and DC amplifiers are all packaged in standard 
plug-in modules, Changing flight test objectives can be met 
by selecting and plugging in the required modules, The different 
links have slots for up to 32 different modules, The basic 
wiring is the same for the telemeter system in each bird, What 
wiring modifications are required can be made by simply jumper-— 
ing connections on a Modification Terminal Board provided for 
the purpose, Thus, a "shelf-item" system ee ee is realized 
despite the change in test objectives with each flight. 

Standardization of modules results in important savings 
in the manufacturing process, but even more important, it increases 
the performance and reliability of each unit. By not having to 
design special instrumentation for each test flight, the develop-— 
ment engineer can concentrate on improving the design of the 
standard modules, 
3. Qualification program 

Because of the accelerated flight test program, there 
is little time for flight qualifying the new transistorized 
telemeter system, Some components have flown as passenger items 
on early Polaris test flights, but basically the confidence 
level in each unit has been achieved by putting each prototype 


component through an exhaustive qualification program. 
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Each unit is first given an electrical test, Its drift 
characteristics, stability, linearity, sensitivity and output 
under varying conditions are thoroughly investigated, It must 
SE stiff specifications, Tolerances must be met with standard 
parts and no selection of transistors is required, Design 
emphasis is also placed on simplifying the set—up procedures, 

Following the completion of the electrical tests the 
units are put through environmental tests, The Environmental 
Laboratory tests each unit at temperatures between 20°C and 
85° C, at humidities up to 95%, at altitudes up to 200,000 
feet. The yiiarren shock and accelération tests exceed any= 
thing the unit may be subjected to in the Polaris environment. 

Following the environmental tests a careful analysis 
is made of test results. Any unit failures are pin-pointed as 
to cause, Close coordination is maintained between design and 
manufacturing engineers, Some failures may indicate a need for 
closer control of manufacturing tolerances, Others may be due 
to faulty mounting or incorrect location of parts, When the 
qualification tests uncover a flaw which requires circuit re- 
design, a careful analysis is made so that specifications can be 
met without resorting to selection of critical parts, Each change 
or redesign is then tested again and again until the unit 


successfully passes all phases of the qualification program. 
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Many of the telemetering modules are also tested on 
the System Similator. This test set contains all major 
components of a complete telemetering link, including inputs, 
commutators, power sources and transmitter, It will accomo-— 
date all plug-in units and enables investigation of the compati- 
bility of the units in the system, and pin points such problems 
as cross-talk, etc,, in advance of system checkout, 

After each component is thoroughly "wrung-out", the 
entire telemeter link is then given a bench check-out, Inputs 
Ris Supplied to all channels, In some instances transducers can 
be simlated by electrical voltages, .If not, transducers are 
wired in and calibrated input quantities applied, The output 
of each channel is monitored and the entire link is tested for 
accuracy, stability and repeatibility. Finally, the entire 
telemetering link is subjected to an environmental test, 

Final test reports indicate that the transistorized 
telemeter will meet all specifications and give the same high 
quality data supplied by the vacuum tube telemeter in previous 
test flights, It will do this with units that occupy less 
space, weigh less, and drain only a portion of the power 
formerly required - making space and power available for other 
instrumentation which will also play a vital role in the develop- 
ment of the Polaris, 

4. FM/FM ~ Telemetry 
The initial type of telemetering equipment to be used in 


the Polaris AX series of vehicles is the FM/FM system. 
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The telemetry equipment installed in the vehicle is 
contained in the telemetering units, Each of these units is semi- 
circular in cross-section, has an approximate radius of 74 inches, 
and is 14 inches in length. Units No. 1 and No, 2 are grouped 
together to form a full cylindrical shape and are installed in 
the re-entry body of the vehicle, Stand-—off bracketry on the 
periphery of the units permits installation of these two units in 
the re-entry body compartment just aft of the telemetering antenna. 
Unit No. 3 is installed as part of an equipment grouping with the 
AZUSA installation in the equipment section of the vehicle, 

The container of each telemetering unit has internal, 
welded bracketry to accept the various components which are packaged 
as an assembly to permit easy removal. These containers are also 
sealed and air-cooled to facilitate a heat dissipation of approxi- 
mately 200 watts per unit. The unit electrical connectors are 
potted to prevent condensation and arcing. 

Power Supplies for telemetry are external to the telemeter- 
ing units, These composite power supplies also furnish power for 
the beacon and destruct installations, 

The FM/FM T/M System uses the FM/FM telemetry system 
because of the volume of information which can be transmitted over 
the number of continuous and commutated channels, The FM/FM system 
provides flexibility of use along with several desirable features 


such as simplicity, ruggedness, small size, and low weight. 
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In the FM/FM System each variable quantity to be measured 
is converted into an equivalent electrical signal, The frequency 
of this signal modulates a subcarrier oscillator operating in one 
of the standard Research and Development Board (RDB) subcarrier 
frequency bands. The output voltages of the subcarrier oscillators 
are combined and applied to the modulator circuit of the VHF radio 
transmitter which, in turn, excites the transmitter antenna. 

The transmitted signal is recovered by the ground station 
receiver which converts the FM radio frequency signal into a compo~ 
site subcarrier voltage, Band-pass filters separate the individual 
subcarrier voltages from the composite signal, The filtered sub- 
carrier signals are fed into subcarrier frequency discriminators 
which produce a varying DC voltage output. The current output of 
the discriminator is the electrical equivalent of the original 
stimulus and may be fed into a galvanometer type recording oscillo- 
graph to convert the electrical signal into a permanent photographic 
record, By use of a calibration chart, or by automatic reduction 
equipment, the information may be converted into terms of the 
original quantity for the purpose of analysis. 

Various types of pick-ups are used to provide the required 
data from the vehicle. Among these are thermocouples, resistance 
bridges, variable resistance transducers, and variable reluctance 


transducers. 
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The FM/FM T/M units installed in the vehicle use the follow- 
ing two types of mlti-channel systems: 
Frequency Division Multiplexing. Frequency division multiplexing 
provides continuous information, However, within each telemetering 
unit, it is limited to 18 samplings by the 18 specified channel 
bands. In addition, receiving station limitations generally 
restrict the number of usable bands to less than 18, In this type of 
transmission, each measurement is assigned to a different subcarrier 
frequency band. The individual measured quantity is used to frequency 
modulate a subcarrier oscillator within the limits of the assigned 
frequency band. The output signals from the subcarrier oscillators 
are combined and the composite signal is used to modulate an RF 
carrier, At the receiving station, the composite subcarrier signal 
is recovered through the use of a frequency modulation receiver 
which separates the composite signal into the individual subearrier 
Signals by the use of bandpass filters, Subcarrier discriminators 
demodulate the individual subcarriers and produce a DC output which 
is proportional to the original measured quantity. 
Time Division Multiplexing, Time division mltiplexing provides rep- 
itive, sequential sampling. As indicated above, a limited number of 
continuous intelligence pick-ups may be combined in a multiplexing 
technique, If, however, the intelligence sources may be sampled in a 
recurring sequence, the individual bands may carry a number of measure- 
ments sampled in sequence by a commutator switch (TSC), This sampling 
is accompanied by a substantial reduction in the rate of intelligence 
change (frequency response) which may be transmitted, These additional 


complicate the basic receiving elements required. 
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Figure 1, A Highly Simplified View of the Principal Operations Involved in Telemetering 
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LOCKHEED AIRCRAFT CORPORATION 
MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp=-834 
Course Notes SC=2-0 


TOPIC: Telemeter System Characteristics 

The system shall conform to the following character-= 
istics, excluding the individual component requirements which 
are already specified. 


Power Requirements: 28 VDC + VDC +10% © 5.75 amps 
6.3 VDC @ 2,25 A 


Transmitter Frequency +125 KC maximum for composite signal 
Deviation: +115 KC minimum for composite signal 


Amplitude of Subcarrier Subcarrier signal amplitude to be 
Signals: adjusted in such a manner that the 

carrier deviation per charmel is in 
approximate accordance with a 3/2 
power taper relative to the sub- 
carrier frequency, A minimum of 3 
KG deviation per channel should be 
maintained, 


Subearrier deviation Stimulus frequencies should not 
ratios exceed IRIG specifications for a 
deviation ratio of 5. Peak to peak 
subcarrier deviation should not be 
less than 85% of bandwidth and not 
exceed 100% of bandwidth. 


Commutation Rates: Maintain rates consistent with IRIG 
specifications for commutation 
samples per channel. 

Indicated RPS + 10% 
Use of standard LMSD commutation 
scheme. . 
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Cross Modulation: Less than 2% RMS total for any 
channel with all other channels 
operating. 

System Accuracy : System accuracy shall be + 1% as 


determined from subcarrier oscillator 
input to discriminator output. 


The measurement accuracy shall be 
determined under satisfactory 
conditions of aforementioned 
system items. 


Water cooling shall control equip=- 
ment temperature to a maximum change 
of 50°F from temperature at start of 
test. 


A preflight and a minimum of three 
inflight calibrate operations shall 
furnish compensation data for system 
accuracy determination. 
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LOCKHEED ATRGRAFT CORPORATION 
MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp-834 
Course Notes SC=3-b 


TOPIG: Subearrier Oscillators 
Two different subcarrier oscillators, the Voltage Control 
(VCO) and the Dual Loop (DLO), are used in the Polaris Transistor- 
ized Telemeter System, By using both oscillators, the telemeter-— 
ing system can be adapted to a wide variety of transducers and 
maximum system flexibility with optimum component useage is assured. 
The VCO shown in figure 3 is basically an RC oscillator 
and the output frequency changes in direct proportion to an input 
voltage, The direction of the frequency deviation is a function of 
the polarity of the input voltage and the VCO can be used with either 
AC or DC signals. It is thus conveniently used with any pickup whose 
output is a DC or AC voltage proportional to the physical quantity 
being monitored, Typical examples of such pickups as shown in the 
figures 3, 4, 20 and 21, are thermocouples, potentiometers, and 
strain gages, As both thermocouples and strain gages are low oute 
put devices, a DC amplifier (TCA) is required to increase the 
Signal level to approximately 1 volt. A potentiometer, if monitor-— 
ing gyro attitude, is usually AC excited and the excitation phase 
shifts each side of center position of the potentiometer. As this 
phase information mst also be transmitted, a phase sensitive 


converter (PSC) is required. 
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SC-3-b (2) 
The output of this converter is a DC voltage whose amplitude is 
proportional to the amplitude of the AC signal and whose polarity 
is a function of the phase of the AC signal, Critical supply 
voltages can also be monitored, as shown in the figure, simply by 
using a voltage divider. The VCO, however, cannot easily be used 
with variable reluctance transducers. 

The DLO shown in figure 2 supplies its own excitation to 
the transducer, The transducer is usually connected as part of a 
bridge circuit, the initial balance of which is upset by the 
physical input to the transducer. The unbalanced bridge signal is 
fedback and mixed with the oscillator signal, changing its 
frequency. The DLO can be used with any transducer which can be 
connected as part of a bridge circuit. This is a convenient 
arrangement for strain gages and variable reluctance pickups. The 
figure also shows a typical connection for a potentiometer. The 
DLO is not normally used with pickups which generate an AC or DC 
signal, Typical examples would be piezoelectric vibration pickups 
and thermocouples. 

As the DLO supplies excitation (at the channel frequency) 
to the transducer, the long leads (and resultant high lead capacity) 
limit its use to channels below 15. Thus the VCO is used almost 
exclusively with all types of vibration pickups where the required 
frequency response demands the use of the higher channels (15 through 
18), The low frequency capabilities of both oscillators is approxi- 


mately the same - DLO's can be used on channel 4, VCO's on channel 3, 
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SC-3=b (3) 

Since the transducer is a part of the oscillatory circuit 
of the DLO, each transducer mist be calibrated with that DLO and 
if either component must be replaced, the entire calibration has 
to be repeated, This gives the VCO a considerable advantage, 
especially on commtated channels where a large number of trans- 
ducers are used with a single oscillator. Setup of the VCO 
requires only that the sensitivity be adjusted for full bandwidth 
(deviation) for a given standard input voltage ~ the output of 
each transducer is then adjusted (if necessary) so that voltage 
is not exceeded. If any single transducer proves faulty, it is 
not necessary to recalibrate the oscillator. 

On continuous channels the DLO has some advantages over 
the VCO, especially with low output devices such as strain gages. 
First, each VCO would require a DC amplifier, doubling the number 
of required modules. Secondly, DC amplifiers are subject to drift 
whereas the internal AC amplifiers in the DLO can be feed-back 
stabilized. 

On commutated channels, however, one TCA-VCO combination 
serves a large number of pickups and commutation is used whenever 
the frequency response requirements permit. Furthermore, the 
calibration points on the commutator make it possible to eliminate 
any small amplifier drift effects during the data reduction process. 

The factors determining the choice of subcarrier oscilla- 
tor (for a given application) are summarized on the following page. 
It should be emphasized, however, that this represents only typical 
useage. While the VCO obviously has the greater versatility, the 
unique advantages of the DLO may dictate its use in any given 


application. 
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Sc-3a0 (4) 


TYPICAL SUBCARRIER OSCILLATOR UTILIZATION 


Ze TO 
LLATOR OSCILLATOR PICKUP 
IC VCO None 
VCO Pot 
VCO-TCA Thermo= 
couple 
VCO-}TCA Strain 
Gage 
iC DLO Strain 
Gage 
DLO Variable 
Reluctance 


MEASUREMENT 


Power Supply 


Actuator 
Position 


Acceleration 
Pressure 


Temperature 


Acceleration 


Pressure 


Acceleration 


Pressure 


Pressure 


Aeceleration 


COMMENTS 


Setup and calibration of 

VCO is very simple. DLO 
requires additional circuit- 
ry to monitor voltage. 


Setup and calibration 
simpler for VCO. 


Although extra amplifier 

is required, one VCO-TCA 
combination serves many 
pickups. Thermocouples 

are primarily low frequency 
devices and signals can be 
commutated . 


If frequency response is 
low, signals can be 
commitated., Same comments 
as above paragraph apply. 


When the frequency response 
data ie desired, the data 
is sent over a continuous 
channel. The DLO does not 
require a separate ampli- 
fier for low level inputs. 


If frequency response data 
is required, data is sent 
over continuous channel, 
Same comments apply as 
paragraph above. 


Separate AC generator not 
required as DLO supplies 
its own excitation to 
transducer. 
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INPUT TO 
ISCILLATOR OSCILLATOR PICKUP MEASUREMENT 
AC VCO-PSC Pot Gyro, 
Attitude 
DItt. Gyro, 
Trans. rate 
VCO Piezo Vibration 
VC, ** elec. 
VCO-TCA Strain Vibration 
Gage 
Amplitude DLO or Break= Event 
Tell-Tale VCO wire 


** Vibration Coupler 


PYPICAL SUBCARRIER OSCILLATOR UTILIZATION CONTINUED — -— 


SC=3=b (5) 


COMMENTS 


Although a PSC is required, 
the VCO-PSC combination 
ean work directly from 
signals tapped off the 
integrated gyro-pickup 
package. The DLO would 
require the attachment 

of an additional pot 


High frequency response 
can only be obtained on 
channels 15 through 18. 
DLO will not work with 
piezoelectric pickups 

directly, nor can it be 
used over channel 14. 


High frequency response 
required dictates use of 


et ghannels 15 through 18. 


Either oscillator is 
equipped for amplitude 
tell-tale, Event 
monitored may be first or 
second stage separation, 
etc. 
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Flight Control Gyro, accelerometer and amplifier output is 1V_ RMS 800 CPS 
in phase or out of phase with reference voltage, 


9 ean a eet 


TO PHASE 
MOD SENSITIVE + 1VRMS 
BUS CONVERTDR SUPPLIED BY F/C 


+0.75V 


TYPICAL SIGNAL CIRCUIT F1IG,7 


ORES Re thn RO Rar pe | 3 MER ms A 


Voltage Commtated. 


MONITOR 
VOLTAGE 
WIPER R 
TO 1 
MOD + Co @)-~-A-RING 
BUS | @Q T/M 
+0.75V | Ro 
comet) | 
. l ake oaks 
TO | — 
MOD VCO em B-RING 
BUS aa MONITOR VOLT— 
+0.75V Sete aes. oad 
-0.75V or 
B-RING (1S 40..75V 
USED WITH SEP~ -° 
ARATE VCO IF 
TYFIGAL SIGNAL CIRCUIT REQUIRED) 


FIGS 


Voltage Controlled Oscillator continuous channel. 


Monitor Voltage From Systems 
1.5V peak to peak. 
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LMSD 450613 
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SC=3=b (6) 
TOPIC : DUAL LOOP OSCILLATOR 


DLO=1, -1A4 (Low Gain) 
DLO=2, -2A (High Gain) 


The transistorized Dual oscillator, shown in figure 1, 
was developed to work with a wide variety of transducers, supply- 
ing accurate measurement data under severe environmental conditions. 
The “dual loop" design makes the midband frequency independent of 
the transducer characteristics, The basic oscillator is the Wein 
Bridge type, noted for its excellent waveshape, and low zero— 
drift, important considerations in an oscillator used in a high- 
capacity multi-channel system, and operating under extremely low 
limits for intermodulation distortion. The Wein Bridge oscillator 
uses RC feedback and oscillates over a wide-band of frequencies 
simply by changing the RC time constant. The-oscillator is used 
for Telemetry on channels 4 through 14, being limited on the low 
end mainly by the physical size of the condensers, and on the high 


end by the lead capacity to the transducers. 


SPECIFICATIONS : 
Table I lists the important electrical and mechanical 


characteristics of the DLO for both high and low gain version. 


MODULATION ANALYSIS : 


Figure 1 is a simplified block diagram of the Dual Loop 
Oscillator, drawn to emphasize the “dual loop" operation of the 
circuit. One loop consists of the RC network, which is the 


frequency determining portion of the oscillator. 
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SC-3-b (7) 
The second loop is through a second bridge circuit made up, at 
least in part, by the transducer. When an external input such as 
pressure or strain is applied to the transducer, it causes a change 
in its resistance or reluctance and unbalances the bridge. The 
transducer makes up at least two arms of the bridge, increasing 
the unbalance signal (the input has opposite effects on the 
opposite arms). The unbalance signals or side-loop feedback will 
also vary in phase with the direction of bridge unbalance. Signal 
(EM) is fed to the summing point through a phase shift circuit 
which is adjusted so that EM is exactly 90° out of phase with Eo at 


the summing point. 
The vector sum, E, is thus shifted slightly, causing the 


oscillator frequency to change, The direction of the frequency 
shift depends upon the relative phase of Em. 


oe re aD 


Figure 2 is a detailed block diagram of the Dual Loop 
oscillator. The output of the Wein Bridge oscillator is transformer 
coupled to the transducer, If a two arm transducer is used, as 
shown, the other two arms are precision wirewound resistors, 
mounted internally in the oscillator, The Cal 2 (zero calibrate) 
switch is normally closed and couples the side-loop signal back to 
the Wein Bridge. 

As the output signal is very small for small input 
signals (transducer bridge near null) the sensitivity must be 
increased by the addition of transistorized amplifiers. For 
variable reluctance transducers and potentiometers the single A-C 


amplifier (#2) is all that is required. 
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SC-3-b (8) 


TABLE I 


SPECIFICATIONS FOR THE DUAL LOOP OSCILLATOR: 


Schematic: 


Reference Drawings 


1033993, 1903473 


Acceptance Test Specifications: 1700499, 1700500 
Manufacturing Test Procedure: 


Set-up procedure: 


Mechanical 


Size: 3.75 X 3.55 X .665 inches 


Weight: 8 oz. (maximum) 


Ql 
Q2, 93, Q4, 95, 26 
Q7, 98 


Power Requirements 
Center Frequency 


Frequency deviation 
Output voltage 
Harmonic Distortion 


Frequency drift 


Linearity 
Sensitivity 


Output impedance 
Freq. Change 


Transistor Complement 


DLO=-1, <2 
DLO-1A, =2A 
2N332 
2N338 
2N337 
Electrical 


30 VDC 18 ma, (maximum) 
Channels 4 through 14 


+ 7.5% of Center frequency 

Variable to 4.0V rms 

Less than 24% without filter, Less 
than 0,5% with filter. 

Frequency drift less than 0.3% of 
B.W per volt change in supply voltage 
Frequency drift less than + 1% of 
B.W, at temperatures from 20°C to 
85° C, 

Deviation from best straight line 
less than 1% 

+.1% change in r/R (one active arm) 
gives full B.W, 

100k. 

3% of B.W. 
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SC-3-b (9) 
Strain gage transducers, however, have a maximum output of approxi- 
mately 14 millivolts and require additional amplification. To 
simplify manufacturing and reduce cost, all Dual Loop oscillators 
contain both transistorized amplifiers. The Low Gain (DLO-1) 
version is changed to the high gain DLO-2 simply by deleting jumper 
E and adding jumpers A, B, and F. The amplified signal is coupled 
through a phase shift circuit which produces the correct quadrature 
relationship for frequency (phase) modulation. The emitter- 
follower provides isolation and correct impedances. 

The output of the frequency modulated Wein Bridge 
oscillator is fed to the Modulation Amplifier through a critically 
coupled, double-tuned band pass filter, This filter further reduces 
harmonics, A different filter is required for each channel. 

The Amplitude Tell-tale, by shorting out part of the 
resistance divider in the output, lowers the amplitude of the 
output signal. This of course reduces the frequency deviation of 
the transmitter, At the event of interest, (such as first stage 
separation) the break-wire short is opened and the output rises 
to its normal value. 

DETAILED CIRCUIT ANALYSIS: 

The partial schematic of Figure 3 shows the Zero Calibrate 
Switch, one of the two dual A-C amplifiers, the quadrature circuit 
and the emitter-follower which couples the side-loop signal to the 
summing point in the Wein Bridge oscillator. The Cal 2 switch (Q1) 
is normally "on", coupling the side-loop signal from the transducer 


bridge directly to the base of the first amplifier transistor. 
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SC-3-b (10) 
The two lab set resistors, R2 and R3, are used to adjust the 
sensitivity or bandwidth of the oscillator. The amplitude of the 
Signal coupled from the transducer, controls the frequency devia- 
tion of the oscillator. Maximum sensitivity is obtained by 
deleting R3 and shorting R2. 

The A-C amplifier is a standard circuit and is feed- 
back stabilized, the gain being determined primarily by the ratio 
of R25 to R24. The ratio of the two resistors is selected to 
give a two-stage gain of 100. As mentioned previously, the other 
amplifier(not shown) is required only with strain gage transducers. 
Its gain is stabilized at 20. Due to the use of feedback stabiliza- 
tion, no transistor selection is necessary for either amplifier. 
Besides the gain factor, the other difference between the two 
amplifiers is the output coupling; the first side-loop amplifier 
uses RC coupling in the place of T}. 

A standard phase-shift circuit couples the amplified 
side-loop signal to the emitter-follower, Cll is selected to 
give a 45° phase-shift with R29 for the particular channel 
frequency. A 90° phase-shift is required, but the other 45° shift 
occurs across the RC network at the summing point in the Wein 
Bridge oscillator. 

The emitter-follower, Q6, performs two functions. It 
isolates the phase-shift circuit from the Wein Bridge oscillator 
and also provides proper operating impedance for both circuits to 
work into. The high input impedance of Q6 prevents loading (and 


phase-shift) of the quadrature circuit. Its low output impedance 
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SC-3-b (11) 

(which makes R30 effectively only 50 ohms) accomplishes side-loop 
injection without inserting a large resistance in the bridge leg. 
A large resistance would make temperature compensation much more 
difficult. 

Figure 4 is a simplified schematic of the Wein-Bridge 
oscillator, arranged to emphasize its bridge construction. Q7 
and Q8 comprise a two-stage amplifier, amplifying the small signal 
appearing across the bridge balance palate Regenerative coupling 
between the output and the input is provided by R33, C12, R31-32 and 
C13. If R33012 = (R32+R31) C13, then zero phase shift between out- 
put and input to the amplifiers occurs at a frequency of: 

1/2 77 VR31+R32)R33C12013 

Amplitude of the oscillations are stabilized by negative 
feedback through CR5, which is a Zenner diode, Any increase in 
signal amplitude increases the current through the zenner and 
increases the negative feedback, The result is a constant amplitude 
of oscillations over a wide range of operating conditions, The 
circuit is also insensitive to power supply shifts. As the B+ shift 
appears across both legs, balance does not change and frequency holds 
constant. Excellent stability, waveform, and freedom from drift is 
thus obtained without resorting to selection of transistors. 

Channel frequency is adjusted by selecting Cl2 and 013. 
The temperature characteristics of these condensers must be 
compensated for if the oscillator is to maintain frequency under 
extreme temperature variations. Compensation is provided by R31 and 
R32. The 10,000 ohms in the lower leg of the bridge is divided 


between a carbon film resistor (negative temperature coefficient) and 
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SC-3-b (12) 
a wirewound resistor positive temperature coefficient. 

One difference between the DLO=-1, ~2 and the newer 
DLO=-1A, =2A, lies in the method of amplitude stabilization. The 
older version used a Thyride in the place of the Zenner diode. 

The Zenner diode, however, gives improved amplitude stabilization. 

The output circuit of the Dual Loop oscillator is 
shown in the partial schematic of figure 5. Excitation for the 
transducer bridge is coupled through T2. A zero adjustment (R44) 
compensates for small inequalities in the transducer legs. R43 
and R46, both precision 500 ohm resistors, makeup two arms of the 
transducer bridge, They are not required when 4 arm transducers 
are used, C19 is used for phase balance and is set across either 
arm as required, 

In the output to the filter, R4O and R41 form a voltage 
divider with R39 and are lab set to give the correct amplitude for 
the output signal. The output of a Wein Bridge oscillator is 
constant over a wide range of frequencies, but the transmitter 
requires different amplitude meatating Signals for different 
channel frequencies. In effect, the higher channels are “pre- 
emphasized" or allowed a slightly higher output - giving a slightly 
greater transmitter deviation, The output to the modulation 
amplifier goes through the bandpass filter which further improves 
the waveform and reduces the possibility of intermodulation effects 
between channels, The amplitude Tell-tale has been previously 


described, 
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SC-3-b (13) 
IN-FLIGHT CALIBRATION OF THE DLO: 

Basically, the in-flight calibration increases the 
confidence level by providing calibration checks just after the 
telemeter has been exposed to large vibration forces (such as 
after launch) or by calibrating at a time just before some 
critical measurement. 

The circuit shown in the partial schematic of figure 
6 provides a zero calibration or center frequency check on the 
DLO-1 and -2, During normal operation, the base of the top 
transistor (NPN) is positive and the switch is closed, coupling 
the side-loop signal to the amplifier. The lower transistor is 
a PNP and as its base is also positive it is off. When a zero 
calibration check is desired on the center frequency, an external 
30 volt D-C pulse is applied to the Cal Z terminal. Both 
transistor bases are now biased negatively, the NPN switch opens 
the connection from the transducer and the PNP switch is "on", 
grounding the input to the side-loop amplifier. 

A center frequency check, however, will not detect 
changes in sensitivity or bandwidth, such as might result from 
a gross malfunction of some electronic component, Figure 7 
shows how a plus and minus calibrate capability, checking both 
edges of the band, was added to the DLO-1A and -2A. The base of 
the Cal Z switch, Q1, is biased positive during normal operation. 
The switch is "on" and couples the side-loop signal to the 


amplifier. 
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SC-3=b (14) 
During this time a small positive voltage is applied externally 
to zero Cal, + Cal, and -Cal points, back-biasing CR1, CR2, and 
CR3, CR4 is also back-biased from the +28 supply voltage, so all 
four diodes are “off", | 

During the entire in-flight calibrate cycle an external 
=30 volts is applied to the Zero Cal terminal turning “on" CRI. 

A negative bias is thus applied to the base of Q1, opening the 
switch and grounding the input to the amplifier through a low 
value of resistance, The -30 volts Cal Z also turns on CRA, 
establishing a direct connection through it to the input of the 
amplifier. The negative voltage developed across R13, however, 
increases the back-bias on CR2 and CR3 and they remain off. As 
there is no input to the side-loop amplifier, the oscillator is 
now at its center frequency. 

During the + Cal portion of the calibrate cycle, a =30 
volts D-C is applied to the + Cal terminal, turning on CR2, One 
side of the transducer bridge excitation is now coupled directly 
through CR2 and CR4 to the amplifier, The voltage divider formed 
by R4, RO and R13 adjusts the amplitude of the excitation signal 
to give maximum deviation of the oscillator frequency. As the 
phase of the signal is not exactly that which would normally be 
found across the balance points of the transducer bridge, C2 
is added to correct the phase of the signal, The action of the 
= Cal portion is identical, except that CR3 is coupling the signal 
from the opposite side of the bridge, therefore the phase is 
reversed and the resultant oscillator deviation is in the opposite 


direction. 
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The actual cycling of the calibrate signals is, as 


shown in the figure, first plus, then zero, and then minus. 


The zero Cal is “on" whenever neither plus or minus are "on", 


_____: OM YAO 


ELSNe \ GEMS 


(af) d-t98 


Mee 


te ai aleagee etandifes od to. saktoyp (autoe od? | 
avnfa nedt hos .oves neds ui terkt erupt? od abs 


w, 


no” ats aomtm to eof¢ aah scarves S40" et fxd owes 


(242 f MCALS ~ BN S524 


TL LU &ADLIG XDOTIY S007 THOT 


CARLEL PD OF AO bef MNMYOM LAY | pale7neoted | 
SA AL . tf ty¢S A PMIAD LIF B27 | 
FSAIKS LYE, CS’ | mI Te ay 

| Lo ee eee 


YHMONLSTY 
AAA S- PSALMS 
AMA APRALDG ~ (27 Za! 


cle OUD OIF A : 
«£1 9 : : 
| Sean’ Aft Ss 
VDA IAS LO ee , 
Lee vf . P ae 
7 OLS. COfiar > Pig ' = 
LI Bf 


| i Saas 
“wer 


SAE — FRSA, a 
ROU GRASS, ) . 


ARDS TAAA 


- o-bry | 
% a ae y2°] ed Lhd was Fs 
6) 
te 
— 7°D 
fOLI SOS 
came ~ ?¥D XDYEB OZaRa4 
ae ee (> rdgOoon aais 
a 7EL-7I73L | | Py = oO v 
eanlitdwy | t # , [a 
THE BLXE Bb | 
. ie = | 
— 4 | | oe co 
ra “Ta GF eboiug pa NSE 
= ASIN SUCAL 
i; = TEA | 
‘ : 
a cai AStt 
¥ ti 
70 /, BONY? OF I7S a 
OANA J L2H "soo7 + | doer) @ 
@ cs |* 2ars “eset ee 


rd 1a lM 


eo 


AAWRATYS 


ae WT ESE 


= 3-237 


a Tyo 


¥ 
. 
>) 


ea. ate. sg i 


se + oy 


Soa ea a? 
ASA ose 


at ey 


< 


SS Se 8 a AE al hy 


£91 jane | ‘2000 SIE AL 


sya 
s Sac ero? DELI 2912 
*) S207 SAIS 
$ 
b 
-7- 
2 
x2 ce 
ESIIYG ga 
net aN = 
CLRYIVS IS \ 


507 Baie 


AEVGE TT Is 
AaiiwaA 


ID 


‘2 


= 


ene 


LATINO © 


YIM SL0 eh 


[}-/-—||!. 


go () 


moe 


(. 


Ira SLI 7PIIAC 
CHOP? 1 11ISO@ 


iy ~- eu 
TIHAA WIAIM 


2/2 


cey 


4a Se 
LESS 


78 l-VIaL 
wsdl di# 


Sea1re 

mvwigagm 
fod £67 L 

ce eee eae pa : 
ae Me : res a 
“ Plats aE Eo) 
Sate £ 

a> ee, of 


ran 
(8e+ 


329/77 
fie i, COA F= 


Yow P2324 6097 DOS 


3A CF 
ZWD 


SALSA SILAS HL 
SM ome SINS 


A TALON Od AA CGS HIRI A RIB 3g ORT RS Pin ld SANT NNR wt TA a 


2 woos 
| —e S 
| 


sae ATATATAC eo rt 
‘Loy Abies 


act ‘SWS Z7KD 
eo ie 


; 
i 
i 


witiCd Gutirwoso of ~~ 


4 
SITHAAPF nig rn [lO 


= = 


= =AieG VOM Mes ot 


BSQAS WEW Woe 


ee 
wa 
TWAS WA 


sstse 7 * 
Misia | 


. j ~ | ASSES . t 
2 ieee ae S 7 +3 ; . _ 
. | : 

SAnnnesce — 2 . 


“VQ Tratt 


» 8 
. 7 
i 
1 etcetera atn an i in 
Ay? 


ee 
: 
. 


GS » 


_ BY ay aan as 


PS Sea dIa7 GUO? Ore ——— 
if | N° ae 7 
2) (A OE) ah O4eZ me ee 
WIDGSWHSEZ ee, aw () stn —— (ypous r+ ov - E3 
VSWHEPL XD : SAC re 
i. s 
| 
| 
| 
| 
| 
: 7 7 I Jowandayd “280 40 poly! | 
pak ee | ASd'X¥W BNID OL I¥wSIlS 
aS Sel) Testes ot 000 fLELIOX FZ Zo. BDONLITAWUY Fo 3h 3 
e w& S . : 
rr wonax SLOW EASY SY YIGIAIAA' 


| 
| 
\ 
] 
! 


[5 = ee of- 
7¥D> OCOYFz 


© 
LU /OS Stas t/ 
Euruwns 2L~ ime 


— me —" ~— § 


J 


— 


ULB TH Sa LA SAGWSG-V 


23500 K 


| VEG AA BS oy JAWSee 
} H2VSVSBFAA .Sto Ac MOVTAL | 


Se 


- 


| 
’ 


ASS FO SSW yey j~ 


me 7 


ner 


= 


wi 


a 
‘a 


- Wye 


" 


PS 


" 


M4 OR FREE 


Oo 


om a, 


Coed ZERO 


R1, R2 250 ohm deposited carbon bridge to be equal +0.2 ohms 
R3 250 K deposited carbon 
RL 500 ohms deposited carbon 


RESISTANCE BRIDGE SIMULATOR 


DUAL LOOP OSCILLATOR 
DLO-2 


LT Cnet eg ft 


aye: 


” 


5 Se es SD 5 — i te te on 
< 
< ; 
=< Fron OOS 
; 28s eee - ee 
: 


f r 
Lap 2 +7 


a eeeeiiiene, © ane -f~¢>.. 


_ ep og A a 


* ENCANA pA : 


——— aeons, ee 


VASES IoD , 


enbicd nodtas bedtteodebh mio 0S 
nodyeo bstixoqesbh ¥ 08s 
nodi99 bedteaqeh amdo 008 


AOTATUMIG Toots SOMATEL SSH 


ACTALINO® Wor AVI 
6.0.30 


; mee, an 
oe, me) ud J 


Aine ve. 
asian Pt 


LMSD 150613 
SC-3=b (16) 


TOPIC: VOLTAGE CONTROL OSCILLATOR (V¥CO~3A) 


The transistorized Voltage Control Oscillator was developed to combine 
ease of set-up and calibration with a maximum versatility, The VCO-3A 
is a blocking oscillator whose output frequency can be varied as a func- 
tion of the amplitude and polarity of some control voltage, It thus 
operates equally well with either ac or de input signals, giving it a 
wide range of applications. It can be used to directly monitor oper- 
ating or supply voltages, or it can be used with any of a wide variety 
of transducers whose outputs are ac or dc signals proportional to the 
physical quantity being measured. The VCO-3A oscillates over a wide 
range of frequencies and is used on channels 3 through 18. It is used 


with high frequency pickups such as vibration transducers. 


Set-up and calibration of the oscillator are exceptionally easy, The 
sensitivity of the oscillator is adjusted for 88% of bandwidth with 
Standard voltage inputs. <Any transducer can then be used with the 
VCO=3A, providing that the excitation voltage to the transducer has 

been adjusted so its maximum output is equal to the standard calibration 
input. As the calibration of the oscillator and the transducer are 
independent of each other, either component can be replaced in the field 


without requiring recalibration of the other. 


The operating frequency of the oscillator is independent of transistor 
characteristics, Careful circuit design, along with tempersture compen- 
sation of the RC networks, has achieved stable performance even in the 


critical POLARIS environment. 
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Figure 10 is a simplified block diagram of the Voltage Control. Oscillator. 
The frequency control circuitry consists of a loop which is formed by the 
blocking oscillator, the transistor switch Ql, the RC network, the pick= 
off diode CRI, and the emitter-follower trigger-amplifier combination. 

In the normal course of its operation the blocking oscillator, which is 
free-running, sends a positive trigger pulse to the transistor switch Ql. 
This closes the switch and shorts condenser C, The voltage at the junc- 


tion of R and C quickly falls to a negative value, cutting off CR1. 


After the positive pulse from the blocking oscillator ends, the transistor 
switch Ql cuts off again and condenser C starts charging toward a positive 
voltage, As soon as the voltage at the junction of RK and C rises to a 
few millivolts above the input voltage, CR1 abvennte she couples the 
rising voltage to the emitter-follower trigger-amplifier combination. 
Here it is amplified and inverted, appearing in the output as a large 
negative going signal, This signal is coupled to the sync input of the 
blocking oscillator. The free-running wriod of the blocking oscillator 
is 20% to 50% longer than the charge time of condenser C, so the arrival 
of the trigger pulse causes it to fire early. The triggering of the 
blocking oscillator initiates another pulse which goes to the transistor 
switch. This abruptly terminates the charging of condenser C, and thus 


starts another cycle. 


The period between these cycles, is of course, a function both of the 
RC time constant of the frequency control network, and of the voltage 


at which CR1 starts to conduct. The output of the VCO=3A can thus be 
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frequency modulated by applying a control voltage (E;,,) which will vary 
the bias on Crl, Figure 13 shows how the application of either a negative 
or positive signal tc the input connection changes the period of oscilla- 
tions. As the Bane noice of the VCO-3A is controlled by the RC 
network, shown in the simplified block diagram, and not by the free- 
running blocking oscillator, the frequency is thus independent of the 
characteristics of the transistors in the blocking oscillator circuit - 
hence no selection of irahsisiors is required. The frequency will vary, 
of course, with supply voltage variations or with temperature, The two 
Zener diodes, CR3 and CRy, control the charging voltage (EB) and make it 
independent of supply voltage. Temperature compensation is used to elim- 


inate RC drift with temperature, 


The output of ‘the blocking oscillator, as shown in the block diagram, is 
a sawtooth voltage which is coupled to a clippereamplifier, The output 
of this clipper-amplifier is essentially a square wave, having very 
little even harmonic cantent, By eliminating the second harmonic, a 


more compact band-pass filter can be used, 
DETAILED CIRCUIT ANALYSIS 


Figure 11 is a partial schematic of the frequency control portion of the 
VCO-3A, including everything in the basic loop but the blocking oscillator, 
The two zener diodes hold the voltage across the RC network to approx- 
imately 29 volts. When Ch is completely discharged, the voltage at the 
junction of R9 and Ch is -22v. Ch then charges toward a positive voltage 
whose maximum amplitude, (as set by Ry), is 7v. C2 and C8 are filter 


condensers, preventing surges from either Cl or the blocking oscillator 
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from getting into the regulated voltage. 


During the initial set-up of the oscillator, Rk is adjusted for Tv. 

The center frequency is then set by selecting Cl, C20, R38 and R9 for 

the channel desired, After channel calibration is completed, Rk can 
tehn be used to adjust the frequency range for use with a certain type 

of transducer, If the output of a transducer, for example, is +0.75v, 
then the Ry setting would not be changed, However, if the output of 

the transducer were 0 to +1.5v, then Rl would be adjusted so that center- 
frequency was obtained with an input signal of +0,75v. Figure 1) shows 


how Rl changes the frequency by changing tne charging voltage. 


R8 and R9 are a carbon film and a wirewound resistor, in that order, 
and are used for temperature compensation of the frequency control 
network, They also compensate for temperature effects in the two 

zener diodes, both CR3 and CR having positive temperature coefficients, 
R7 provides a FINE adjustment on frequency, giving a maximum change of 


approximately 10% of bandwidth. 


Since the base of Ql, the transistor switch, is at the same potential 
as its emitter, it is normally "off", When the 5v pulse arrives from 
the winding on transformer (T,), Q1 is turned "on" and shorts Ch, C20. 
Base current develops a negative bias across R11 and 05, which sharply 
cuts off Ql upon removal of the positive 5v pulse, RiO is a current 


limiting resistor, added to protect the transistor, 


The cathode of the pick-off diode, Crl, is at the input signal potential. 


This diode is "off" until the voltage across Cl rises to a value slightly 
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positive in respect to the input signal potential, CRL then conducts 
and couples the rising voltage, through C6, to the base of the emitter= 
follower Q2. The voltage across Ch continues to rise until it is 
between 20 MV and LO MV positive in respect to CRI cathode, at which 
time triggering of the blocking-oscilh tor occurs and Ch is discharged. 
The large negative spike following this small positive rise is due to 
differentiation action by the internal capacity of CR1, The discharge 
of Ch is coupled through this capacity (CR1 internal) to the base of 


the emitter follower shown on the waveshape as a sharp negative spike. 


R13 provides a Sensitivity adjustment, During initial set-up a standard 
calibration voltage of +0.75v is applied to the input and R13 is adjusted 
to give a frequency deviation of + 44% of bandwidth, The Thermistor 
provides temperature compensation for sensitivity, Figure 15 represents 
a plot of output frequency versus temperature for three different 
calibration voltages, The change in frequency due to the temperature 
sensitivity of the circuit can be compensated for by raising the input 
voltage at higher temperatures, The thermistor, having a negative 
temperature coefficient, allows an increasing portion of the input 


signal to be applied to CR1 as the temperature rises, 


Q2 is an emitter follower and provides isolation betwee the trigger 
amplifier and the frequency control network. It has unity gain ana 
its output signal, developed across R16, is coupled through C7 to the 
base of Q3, Q3 has a high gain and injects a large negative going 
spike into the collector circuit of the blocking oscillator Qu. This 


injection of the triggering pulse is shown in detail in the partial 
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schematic of figure 12, The time at which triggering occurs 1s a 
function of the rise=time of the negative cpike, Therefore it is 


desirable that Q3 have as high a gain factor as practical, 


The trigger pulse is coupled, as a positive pulse, thru qT, to the 
base of Ql, causing it to conduct, The voltage developed by current 
flow through R21, C10 and Cll in the emitter circuit, however, is 
large enough to cut-off Ql at the end of the positive trigger pulse. 
The large pulse of current, which charges C10 and Cll, biasing off 
Qh, also excites the tank circuit (T,) into oscillation, The second 
half-cycle of oscillation is absorbed by CR2, and Qu remains off, 
After cut-off, the voltage across C10 and Cll drops exponentially 
from its peak value until the next trigger arrives, when the con- 
densers charge again, Thus a 3v peak to peak saw-tooth voltage is 


developed which is coupled through C13 to the squaring Amplifier Q5. 


Q5 is biased at near saturation current and base current flows during 
the positive portion of the saw-tooth signal. Double clipping thus 
occurs, the base current cutting off the positive swing, and the 
negative swing cuts off Q5, The result is approximately a square-wave 
signal in the collector circuit, having a amplitude of 18v peak to 
peak, By squaring the wave-form, the even harmonic content is con- 
siderably reduced, enabling more efficient filtering with a smaller, 


more compact band-pass filter. Red provides an output adjustment. 


The Amplitude Tell-tale permits monitoring of some event (such as 
stage separation), The connection is normally shorted by a break-wire, 


By grounding one end of R31, the negative supply voltage is reduced by 
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the divider formed by R5 and R31. Upon opening of the break-wire, a 
greater supply voltage is applied across Q5, increasing the output 
signal 30% +5%, This amplitude modulation of the output thus provides 


a record of event time, 
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SPECIFICATIONS FOR THE VOITAGE CONTROL OSCILLATOR 


Schematic: 


1026070 


Acceptance Test Specifications: 1700502 


Manufacturing Test Procedure: 


Set-up Procedure : 


Mechanical 


Size: 3.75 X 3655 X .665 


Weight: 


Transistor Complement 
Number 

Ql 

Q2, 93, Qh, 

Q5 

Electrical 


Power Requirements: 


Center Frequency : 
Frequency deviation: 


Output Voltages 
(output loaded by 20K) 


Harmonic Distortion: 


Frequency Drfit: 


Linearity : 
Sensitivity : 


Input impedance: 
Output impedance: 


Amplitude Modulation: 
Tell-Tale Operation: 


Type 

2N696, 2N338, 2N332 
2N332 - 

2N335 


+28V dc, 10.0 ma. maximum 
-Bv de, .O ma. maximum (tell-tale grounded) 


Channels 3 through 18 
+7.5% of center frequency (Channels 3 - 18) 
+15.0% of center frequency(Channels A - E) 


100 MV minimum (channel 3 = 12) 
360 MV minimum (channel 13 - 18) 
360 MV minimum (channel A = E) 


1.5% maximum 


Drift less than +1.0% of BW. for +0.5v 
variation in either supply. 
Drift less than +3.0% of B.W, from 20°C to 85°C, 


Maximum of +1,0% from best straight line. 


Output frequency shall deviate +l +3% of 
bandwidth frem center frequency when full range 
of input voltage is applied, (Normal operation 
is with +0.75v, 0 to -1.5v¥, or 0 to +1.5v). 


200,000 ohms minimum 
100K nominal 


16% maximum over band, 


Output decreases 30% + 5% with Tell-Tale grounded. 
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LOCKHEED AIRCRAFT CORPORATION 


MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp-834 
Course Notes SC=3-f 
TOPIC: DUAL PHASE SENSITIVE CONVERTER 

The transistorized Phase Sensitive Converter was designed to 
convert the output signals from gyro and accelerometers pickoffs to a 
proportional DC voltage suitable for modulating voltage control sub- 
carrier oscillators. Examples of typical pickoffs are accelerometer 
or free gyro potentiometers and accelerometer or rate gyro differential 
transformers. The output of these pickoffs is an AC signal whose peak 
amplitude is proportional to the magnitude of some linear or angular 
displacement. The phase of this signal reverses with the direction of 
the input displacement. The Phase Sensitive Detector is essentially a 
synchronous detector. The output is a DC voltage whose smplitude is 
proportional to the amplitude of the 800 cps input signal, and whose 
polarity reverses with the phase of the input signal. 

The Phase Sensitive Converter is small and compact, two units 
are mounted in a single standard module. The current requirements are 
low, both units drawing a maximum of 10 ma each. The output is stable 
with respect to time, temperature and supply voltage variations. The 
circuit also provides a high input impedance, effectively isolating 
the output circuit from the pickoff device. 

THEORY OF OPERATION: 

Figure 1 is a schematic of one of the two identical units in 
the Dual Phase Sensitive Converter. The input AC signal has a maximum 
amplitude of 1 VRMS, and can be any frequency from 400 cps to 2000 eps. 


It is coupled by Cl to the base of Ql. Q1 and Q2 are arranged ina 
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modified Darlington circuit and operate effectively as a single emitter 
follower. The net gain is slightly less than unity. The advantage of 
this arrangement is that it increases the input impedance of the 
transistor and prevents the circuit from loading the signal source. 

This is dn important consideration as the gyro and accelerometer pick-offs 
are an integral part of the flight control servo loops. 

The input impedance of the transistors is raised by increasing 
the effective alpha of the combined transistors. The base current (4p) 
of transistor Q2 is approximately related to the emitter current (io) 
by the following expression: 

ipo = igo (1 = ag ) (1) 
The higher the value of the alpha (ao), the smaller the base current for 
@ given output current. Examination of the figure shows that the emitter 
current (ig)) for Ql is supplied by the base current of Qe. 

| fp) = tee (1 - a1) (2) 
Substituting equation (1) into equation (2) gives: 

tpi = tee (1 - a) (1 = a) (3) 
Equation (3) can now be solved for the effective alpha of the two 
transistors: 

a, = a, + 850 ° &) & (4) 
If each transistor has an alpha of 0.95, the effective alpha of the two 
now becomes 0.9975. 

The input impedance of Ql can be estimated from the expression 
Zin = R3/(1 - at) (5) 


where R3 is the 12K load resistor. 


is) +6258 


weitioe aigain # 6 oretostte stetage : | 
to sysinevhs ad?  Jghhow moth aed yldtghta ef sy eo 
sit Se oonsheqmt tuqut edt souseran ot edd at 3 


agooL orites Loution daytly ont te 0 ooh 
gtteserdt yi beeher st axctatensd edt To somebaqnt tognt ad? 
Sqi) Joertwe see off .waoterement baatdmoo edd t6 adele ort: 


sot) tnactm  erhtde Sat ot botelot yletamixotgge af sp 


be eae 
10% dnetT > oted edt teilam sat , (ge) stiqia eid to eu lav ait 
sttime ad7y tadt awods enmet edt to noitenioax® strerurs twatwe 
8 to Saeem saad ot yd boltqgve wt a ‘ro% iat 
{3) | (ye = £) gat = m rat | | 
vovin (S&S mottenps otat (i) nottaype gate 
(r= 2) (ge = £) Set * tq 


vit etd to sdqle evitostte edt st beviba od wor a@9 (e) 


; Ao: gt teee 


wi emt to sedate ovisostte oft .€0.0 to — ne de 4 vovntanant a 


solewenpes edt mov? perenne: ed te i to siete. ome fc? 
#¥ 


oe a A 


fe’ (gm = SER © eB 


i how 


IMSD 450613 
sc-3-f (3) 


If the valve of alpha were only 0.95, the input impedance of the 
transistor would be 12K/0.05, or 240K. As this value is effectively 
in parallel with the 1.5 megohms of Rl + R2, the input impedance of 
the circuit is less than 240K. By raising the effective alpha to 
0.9975, the input impedance of the transistor is now 12K/0.0025, or 
4.8 megohms. The parallel combination with Rl + R2 now totals over 
1 megohm. 

The signal developed across load resistor R3 is coupled 
through variable attenuator R4 to the base of Q3. R4 is used to 
adjust the output of the Phase Sensitive Converter to + 0.75 VDC 
when a 1 VRMS signal is applied to the input. Q3 provides the necessary 
amplification, raising the signal to the operating level required by 
the output circuit. As Q3 is the only transistor providing amplifica- 
tion, this stage determines the overall circuit stability. Temperature 
compensation and stable operation is obtained by careful design of the 
bias arrangement for Q3. First, I, is considerably larger than delta Ico. 
Secondly, the ratio of RY and R9 is adjusted to obtain maximum stage 
stability. If, for example, a supply voltage fluctuation tends to 
increase the collector current (i.); a portion of the resultant voltage 
drop at the junction of R6 and R7 is coupled to the base of Q3. The 
drop in bias acts to oppose the change that caused it, and by proper 
selection of R7 and R9, a high order of stability cam be obtained. It 
is mecessary, however, that Q3 have a beta greater than 60. Final 
temperature compensation for the entire circuit is obtained by selection 


of R5 and R6, @ carbon film and a wire wound resistor, respectively. 
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Ch and R7 provide a phase adjustment, permitting the amplified signal 
to be corrected for small phase shifts occurring within the stage and 
Tl. This adjustment will change, of course, with different input 
frequencies. 

The amplified signal from Q3 is coupled through the center- 
tapped transformer, Tl, to the synchronous detector in the output circuit. 
Q4 and Q5 are PNP transistors and are operated as switches. They are 
turned on by application of a negative signal to their base. Current will 
flow in either direction through the transistor once it has been turned on. 
The switching voltage comes from the reference signal which is coupled 
through T2. As opposite ends of the transformer, Te, have opposite 
polarities relative to the center-tap, only one of the two transistors 
will be on at a particular instant. The reference signal originates from 
the same source that supplies the input signal from the gyro pickoffs. 

The reference signal thus has the same frequency and is either in phase 

or out of phase with the input signal. This phase relationship determines 
the direction of current flow through the transistors and the load 
resistor, R13. 

Figure 2 is a simplified representation of the synchronous 
detector. The two transistors are represented as switches which are 
closed whenever the reference signal applied to that base is negative. 
Figure 2 (A) shows the current paths for both half cycles of the input 
signal when the input and reference signals are in phase. The polarity 
of the output DC voltage is positive. Figure 2 (B) shows the current paths 
when reference and input signals are out of phase. The polarity of the DC 
output is now negative. The output DC is smoothed by a Pi type filter, as 
shown in the schematic. The total ripple is less than 7.5 millivolts, peak 


to peak. 
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SPECIFICATIONS THE PHASE SENSITIVE 


Schematic: i 1029774 

Acceptance Test Specifications: 1700501 
MECHANICAL 

Size: 3.75 x 3.55 x 0.665 inches 

Weight: 5.3 ounces 


TRANSISTOR COMPLEMENT 


Ql, Qe 2N328 

Q3 2N335 

Qh, Q5 2N496 
ELECTRICAL 

Power Requirements: 28 VDC, 10 ma. per unit. Reference 
signal input is 800 cps, 115 VRMS, 0.5 
ma at primary. 

Input : 800 cps, 1 VRMS, either phase. 

Output : + 0.75 VDC, polarity reverses with phase 
of input signal. 

Maximum unbalance, 10 millivolts. 

Stability: Temperature: Change in DC output voltage 
not more than + 2% from 10° C to 85° c. 

B+. Change in DC output not more than + 

1% for a + 10% change in the 28 volt supply. 
Time. Change in DC output less than + 1.5% 
in 60 min. 

Linearity: Input AC voltage (either phase) vs. DC 
output voltage is within + 3% of the straight 
line connecting the end points. 

Input impedance: Minimum 1 megohm 

Frequency Sensitivity: DC output will not change more than + 0.5% 
for + 2.5% change in input frequency. 

Rise Time: Nominal 10 milliseconds 


Ripple: Output ripple 7.5 MV (peak to peak) maximum. 
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LOCKHEED AIRCRAFT CORPORATION 


MISSILE SYSTEM DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp—834 
Course Notes SC-3-d 


TOPIC ¢ Transmitter Characteristics 


Power Requirement: 


Modulation Inputs 


Frequency Deviations: 


Frequency Stability: 


Power Output: 


Frequency Distortion: 


Frequency Range: 


Spurious output: 


6.3 volts + 5% at 2.25 amperes 
350 volts DC +3.0% at 110 milliamperes 


5.0 volts RMS +5%, 0-100 KC, across 
50 K ohms 


+150 KC maximum (not to exceed +125 KC 
in operation) 


+0.01% of center frequency 

5 watts min. into 50 ohm resistive 
load; 4 watts min, into 50 ohm 
reactive load of 2:15 WR 

Less than 2.0% in range of 0 to 100 KC 


Modei TMR-1A 245-265 me 
Model TMR=1B 225-245 me 


60 db Min. for all unwanted freq. 
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LOCKHEED AIRCRAFT CORPORATION 
MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp-834 
Course Notes SC=3-=c 
TOPIC: Modulation Amplifier Characteristics 
This component will serve to amplify the composite 
subearrier signal to a level sufficient for modulation of the 
transmitter, Component performance shall conform to the follow- 


ing specifications: 


Power Requirement ; 28 VDC + 10% 
Gain: 200 
Frequency Response: +4 db maximum from that measured at 


1 KC from 100 to 80 KC 


Distortion: 0.5% maximum measured at 10 and 20 
KC and including harmonies to 60 KC 


Signal Outputs: 5 volts RMS maximim requirement, 
adjustable 


Output Impedance; 1 K ohms maximum 
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LOCKHEED ATRGRAFT GORPORATION 
MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp-834 
Course Notes SC—3-¢ 


TOPIC: In-Flight Calibration 


As missile performance must be judged almost exclusively 
by data telemetered to the ground, the accuracy and reliability 
of the telemeter system is naturally of prime importance. Two 
different in-flight calibration schemes are utilized on the Polaris 
flight tests to either monitor, or to increase, the accuracy of the 
system, 


On commitated channels, as shown in Figure 1, calibration 
is accomplished each rotation of the wiper, giving a minimum of 
5 calibrations each second. The VCO is especially adapted to such 
calibration. A positive, a zero, and a minus voltage are applied 
to the three calibrate contacts. The amplitudes are adjusted to 
give an oscillator frequency shift of +42.5% of B.W., center 
frequency, and -42,5% of B.W., respectively. The figure also 
shows a simplified commutator record, Any change in either 
sensitivity or in drift of center frequency is automatically 
compensated for by the data reduction computer. There is no 
compensation (as only three points are checked) for linearity 
changes, but experience shows that such changes are relatively 
rare. 


On continuous channels, shown in Figure 2 the calibration 
eycle interrupts the flow of data and such calibrations are restricted 
to a time close to some critical measurement, or to a time just follow- 
ing some severe environmental conditions (such as after launch or stage 
separation). The in-flight calibrate cycle again consists of a plus, 
zero and minus sequence and is initiated by a command signal from 
some internal event (like first separation), The in-flight calibrate 
unit is a timer and controls the operation of relays which (with 
the DLO) cause a known excitation of two different phases to shift 
the oscillator frequency 35% of B.W,. As with the commtated data, 
there is automatic computor compensation for drift and sensitivity, 
but as the history between the two calibrate points is not known, 
the accuracy is improved only on those readings close to the calibra- 
tion points. The prime purpose of continuous channel in-flight 
calibration, however, is to increase the confidence level by demonstrat-— 
ing that drift has been less than the tolerance expectations of the 
oscillator, 
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Figure 3 shows a representative Polaris flight and 
the in-flight calibration times are identified by arrows. The 
first calibration occurs just after first separation, or after 
approximately one minute of powered flight. The total time 
lapse until telemetry is lost is less than two minutes - a 
relatively short period of time for temperature or other drift 
effects to occur. During the majority of the flight, there is 
no telemetered data and a hundred miles is a reasonable estimate 
of the distance from the target when acquisition of telemetered 
data occurs, Calibration is then performed upon re-entry, and 
with less than one minute left before impact. There is thus a 
high order of confidence in the accuracy of the critical re-entry 
measurements. 


The in-flight calibrate module consists of essentially 
a chain of timing circuits which sequentially operate relays to 
provide calibration signals for the VCO's, the DLO's and the 
PSC’'s, It also provides a delayed trigger, permitting the initi- 
ation of the calibrate cycle to be delayed for 3.5 seconds after 
first separation. Large transients, which may be caused by such 
separation, are thur allowed to damp out before calibration 
begins. 


The in-flight calibrate unit provides an in-flight 
calibration for continuous channels, similar to that provided 
on commtated channels, Its main purpose is to assure that 
telemeter components have stayed within their tolerance specifica- 
tions. The VCO's, the DLO's and the PSC's are all checked for 
zero drift and sensitivity changes. 


Simplicity, ruggedness, reliability, and low manufactur- 
ing cost have been emphasized in the design of this unit. All 
transistors are operated as switches and timing is controlled by 
RC networks. The voltage at which transistor switching occurs 
(on the condenser charge curve) is regulated by Zenner diodes. 

As gross timing errors cannot be introduced by voltage fluctua- 
tions, specifications can be met without temperature compensating 
the RC networks, Thus, no selection of parts or transistors is 
necessary. 


SPECIFICATIONS 


Table I list the important electrical and mechanical 
characteristics of the in-flight calibrate unit. 
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TABLE I 


SPECIFICATIONS FOR THE IN-FLIGHT CALIBRATE UNIT 


Schematic: 1039261 
Acceptance Test Specifications: 1700495 


Manufacturing Test Procedure: 


MECHANICAL 
Size: 
Weight: 
TRANSISTOR COMPLEMENT 
Ql 2N335 
Q3, Q6, Q9, Q10, Q13 2N338 
Q2, Q5, Q8, Qle 2N495 
Q4, Q7, Q1l 2NA97 
ELECTRICAL 
Power Requirements: 30 V DC 
Calibrate = 100 ma. max. 
Standby 12 ma. max. 
Calibrate Cycle: Cal Z, 3.3 +0.6 = 0.3 seconds 
Cal Plus, 0.5 + 0.15 seconds 
Cal Minus, 0.5 + 0.15 seconds 
Trigger (Command): 27 + 3V DC, 50 MS duration 
Trigger (Delay): 27 + 3V DC, 50 MS duration 
Retrigger (either) : Circuit capable of operating within 4.0 


seconds after completion of a normal 
double cycle. 


Delay Timer: 


Environmental Specs: 
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Figure 4 is a detailed block diagram of the in-flight 
calibrate unit. It contains five similar timers, three of 
which operate the control relays and cycle the calibration 
voltages to the subcarrier oscillators, Examination of the 
top waveforms in figure 5 shows that the Zero Cal control 
relay is on for approximately 0.5 seconds per cycle. A 
typical calibration signal to the VCO's is also shown for 
reference, The period between the Plus and Minus calibrations 
represents the 0.5 seconds that the interval timer is on. The 
logic of the in-flight calibrate circuit is very simple, JZero 
alone is zero, Zero and plus is plus, Zero and minus is minus. 


The Zero Cal timer, as shown in the block diagram, can 
be started by a trigger from the Command No Delay input, or by 
a trigger from the 4 second delay timer, When the Zero Cal 
timer is turned on, it supplies an "on" ground to both the 
Plus Cal Timer and the Minus Gal timer, It also supplies a 
positive trigger to the Plus Cal Timer, Both control relays 
thus go on together, The Plus Cal control delay releases 
after 0.5 seconds and a trigger is sent to the Interval timer. 
After an additional 0.5 seconds, or at to +1, the Interval 
timer triggers the Minus Cal timer and this relay operates. 

At the end of its 0.5 second “on” time the Minus Cal relay 
releases and a trigger is sent to the Plus Cal timer at tote. 
This trigger starts a second sequence of calibration cycles. 


The Plus Cal, Interval, and Minus Cal timers thus 
form a loop which will continue to sequence until the Zero 
Cal timer goes off, opening the "on" ground and shutting 
them off, The bottom group of waveforms in figure 5 shows 
the entire sequence of trigger pulses. 


DETAILED CIRCUIT ANALYSIS 


Figure 6 is a schematic representation of the basic 
circuit used for the Delay Timer, the Zero Cal timer, the Plus 
Cal timer and the Minus Cal timer. Except for minor differences 
in some resistors, the circuits are almost identical. Major 
differences arise in the load resistor R3, which is replaced 
by relays in all but the delay timer, and the time constant 
formed by R4 and C2, The transistors used in each timer have 
been identified for reference. 


In its stable state, the base of Ql is held negative 
by the bias applied through R2, and Ql is “off". The collector 
voltage is +28 V and C2 is charged to only 4 V. The other side 
of the condenser is at approximately +24 V, set by the divider 
formed by R4 and R6 through CR4. Q2 is held "on" by this 
voltage and as it is an emitter-follower, a +24 V also appears 
across R7, Q3 is a PNP transistor whose emitter is held at +18 
volts by the Zenner diodes CR5 and CR6. As the base of Q3 is 
more positive than its emitter, it is "off". Its collector, 
which is tied to the base of Ql, is at approximately -0.5 V. 


14. ru ds aren) Lae A 7 - + 


CA) gr@tOe We 


digift-at oft Yo mergeth veo tatiato 58 
zo ponte \wiemts talimie evtt actata rae v8 
difso sdt efsyp bee eyelet Lov: pated at ag. 
ot ‘noitsntmex® , aretel Etoso Sr rs suit of 
Lovtnao £80 oreS end dadt avode @ otupi? mk a: 
A .eloys teq absosee 8.0 yletamtxorqys wots 
20% awode onle ak s'OOV edt of Langte ser bat 
erolderdifao asim bas avlT odt-neewed bobteq 
eT «to al Reson faviedat ec? tadd abirooes =0 
avai .sloute yrev af divetio etaidifas tightyer to 
-suile el scale bes oveS .egiq ef ante bos oed .ores at 


Aso ,mergeth dnold ant ab awede és yremtt [2D ores ad? a 
W IG .Suget yaled of fwsmasd edt mork reggtad w ie booeate 
[89 ciel ei! sedW .vemtt yefeb baooes A odd mor? rex ty 
edt dvov et huwoty “ao” as seliqqwe +f .ao beard et: 
& tefloque oalea ¢I , remt? £29 wemtM odd bos comkT fad" ah 
-eyater ioxtaso déoi .temiT £29 anf edt o¢ tegghad oviete 
neesolet yalob Loxutmos [09 euld edT tetegoy mo ae 
tent? Lavietnl oft ot Imes af teggttd 8 bra ebaoses @.0. 
fawretnI add ,[+ 93 ta x6 ,ebrapes 2.0 fanotsthbs as 
eeterego yalot etdt bre samt+ [ed et cond sit ereggiad 
wsie: [89 sunt act omit "no" Boone 210 att to bae edt 
FQ! o% teats fe0 enol edd of tien ef tepyttd: @) Bas 29e86 
(@3loyo sottsrdifae to eereypen badsee 2 Wag 


eu? arent? [20 euntM be tavietal ,f8) enlt edt : 
ores add Lideu eosespes of exrténoe [ftw dobdw qoot BI 

aaittime Sos bavorg "ae" edd gatseqa . Yo #309 
ewoda € strott of estotevey to yito% 3° “motsod edT 30 
-eealeg tegaixd te soserper etltne ode | 


SIQVIAMA TIVOALO GRITATaC ad he ce 


‘ i 

oteed ad? to atlas vi oifamdve e et 2 sight Ue 

aul? edt, a fad oveS edt ,remiT yelled edé 10% bean ehyons 
seone te tttb 


lm ‘Yet tysoxd araatks fad suniM ed¢ bos temtd i 
tal oM aed ?aebt Jeomis ere ativette ond gStotalaar ound 
Seesloet et doirde “PR xnofvelees Daof eft at exalts” OONSTSTILD — 

Sasfanso amtd ant ‘pita q tems yeleh edly tod Ife ak re etl 
svad tent? rons mt Bred stofetanats edT SO bas Af yt 
-soueteton ot berthtaeb 4 


aviteyen bled at [)-to easd edt ,osate otdide 
qososLine off ,°¥t6" et > bas eH dyvotit bebtt 
ebieu teddo oif VA wae ot he ytede at SO bas Vo SH 
‘wabivib od? yf ta .V Ag+ ‘“elantxorggs te af ta 
eld? wf "no" blog et SO ..Ho davorde Of 
etseqgs oale V AS » Tewoliotrettias 18 aa 
8I+ 38 Bor at settime esodw rodabenesd WT 
et €O to suai edt eA .d8D bas O89 Boboth sence 2 
(totoeLion atl ."2t0" af dt todd ine. oes and evitieog 

eV 2.0 ak ts et ,f£D to oaat od ries elt aks 

fj iY a aie f 

cH i ia a 


r ie iy 
® 


a ep’ 7 
he ie u 


SC=3-g (5) 


When a positive trigger is applied to the base of Ql, 
it is turned "on" and the collector voltage drops to approxi- 
mately 1V. G2 now starts charging and the charging current 
drops the voltage at the lower end of R2 to 1V. As the base 
of Q2 is near ground potential while the emitter is held 
positive, Q2 is now cut off, The voltage across R7 cannot, 
of course, fall below +17.5 V. At this point Q3 turns on as 
its base is now less positive than its emitter, As long as 
Q3 stays on, it will also hold the base of Q1 at approximately 
+17 volts, Q1 is thus held "on" until C2 charges up to a +18 
volts, At this point the base of Q2 becomes more positive 
than its emitter (which is held at 17.5) and Q2 turns "on" 
again, The voltage across R7 now rises to +24, cutting off 
Q3. The collector of Q3 and the base of Ql] now falls to a 
-0.5 volts and Q1 returns to its normally “off" position. 

The length of time it takes C2 to charge to a +18 V is, of 
course, a function of the time constant formed by C2 and Rd. 


The same analysis would apply to the Zero Cal Timer, 
with the exception that R3 is now a relay, which operates 
whenever Q4 goes on. As the Zero Cal Timer must go “on" at 
the end of the delay interval, the trigger is taken from the 
collector (Point a) of Ql which goes positive at the end of 
the delay interval. This positive trigger is applied to Q4 
via point (b). 


The triggering requirement is slightly different for 
the Plus Cal timer. The Plus Cal relay mist turn on at the 
same time as the Zero Cal relay. The + trigger is thus 
obtained from point (c) or the collector of Q6 in the Zero 
Cal timer and RC coupled to point (b) or the base of Q7 in 
the Plus Cal timer. 


Figure 7 shows the method by which the Zero Cal timer 
supplies the 3 second “on" ground to the Plus and Minus Cal 
timers, This also provides a fail-safe feature and component 
failure in the In-flight Calibrate unit will cause loss of 
calibration rather than loss of data, The emitters of both 
Q7 and Q1ll depend on Q4 for their ground return. The Plus 
and Minus control relays can therefore only operate if Q4 in 
the Zero Cal timer is "on." 


The Interval Timer, shown in Figure 8, provides a 
0.5 second period of zero calibration, during which neither 
the Plus or Minus Cal relays are on. Q10 is normally “on" 
as its base is held positive by R25, CR14 and R27. When 
Q7 is turned on during the Plus Cai interval, its collector 
drops to 1 V, turning on CGR15 and dropping the voltage at 
the junction of C9 and CR14 to a low positive walue. C9 
charges rapidly to 28V. As the base of Q10 is now negative 
in respect to its emitter, which is held at +18 V, Q10 is 
turned off. At the end of the Plus Cal cycle, the collector 
of Q7 returns to a +28 volts and CR15 is open. The voltage 
at the junction of C9 and CR14 cannot rise to +28 volts until 
C9 discharges through R25. 
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SC=-3-g (6) 


When the voltage at the junction rises to +18 volts, Q10 turns 
"on" again, At this time a -10 V trigger is coupled through 
C10 to the Minus Cal Timer, 


As the trigger is negative, it mst be applied to one 
of the “on” transistors in the Minus Cal Timer, It is, there~ 
fore, coupled to point (d) or the base of Q12 (see Figure 6). 
The action of the Minus Cal timer, is then identical to the 
timers previously discussed. At the end of the Minus Cal 
interval, a positive trigger is taken from point (a) and RC 
coupled back to the Plus Cal Timer. 


CALIBRATION GIRCUITS 


Figure 9 is a simplified block diagram of the system 
calibration circuit, It represents a single telemeter link, 
each link contains its own in-flight Calibrate unit. Some 
liberties have been taken with the logic of the circuits, for 
the sake of clarity. The In-flight Calibrate unit sequences 
the control relays, as previously discussed. These relays, 
in turn, supply 28 volts to sequence the calibrate relays. 

The calibrate relays, in turn, do the actual cycling of calibra- 
tion signals. Only one each of the three calibrate relays are 
shown in the block diagram, A large number of relays (which 
varies somewhat in the different links) are actually paralleled. 
The use of separate control relays, and the paralleling of many 
calibrate relays has two distinct advantages. 


1) It increases system flexibility. 


2) It enables relay contacts to be placed closer to 
the specific units being calibrated and, thus, 
avoids long lead runs. 


The calibrate relays disconnect the inputs to the VCO's 
and the PSC'’s from their transducers and connect them instead 
to reference voltage sources. For purposes of clarity only, one 
PSC, VCO or DLO has been shown, There are, of course, many such 
units in each link = all of which are simultaneously calibrated. 
By application of Plus, Zero and Minus calibrate voltages to the 
input of the VCO, the output frequency is shifted from +42.5% of 
B.W., through center frequency, to -42.5% of B.W. The input to 
the PSC is a 1 V rms signal of 800 cps reference phase, which is 
first grounded, and then reversed in phase. No external excita- 
tion is applied to the DLO as transducer excitation must be at 
oscillator frequency and frequency modulation is achieved through 
internal feedback. Internal switching by semiconductor diodes 
provides internal feedback for calibration purposes, The 
calibrate relays simply supply the -30 V to the DLO to operate 
these internal switches, 
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SC-3-g (7) 


Figure 9 shows the detailed circuits for the VCO calibra- 
tion. The reference voltage is supplied by mercury cells whose 
output, after aging, varies as little as 0.15% over a 300 hour 
period. Three different calibration sequences are supplied to 
terminals on the Mod Terminal Boards; 


Plus Zero Minus 
(a) +0.75 0 0.75 
(b) +1.50 +0.75 0 
(c) 0 ~0.75 ~1,50 


The range of each VCO mst be set according to the 
particular transducer with which it is used. If, for example, 
a pressure transducer is monitoring 0 + 15 PSIA, its output will 
probably be 0 + 0.75 volts and center frequency will be with 0 
volts input to the VCO, AO = 5000 PSI transducer, however, might 
have an output of O to +1.50 volts. The VCO must now be set so 
that center frequency occurs with +0.75 V input. Once the VCO 
has been set, the calibration signals must obviously match the 
transducer outputs. Selection of the proper calibration signals 
is accomplished by jumpering to the proper terminal. 


The details of the PSC calibration are shown in figure 
9, The same 800 cps reference signal which excites the gyro 
pickups is used for calibration. The center-tapped transformer 
provides phase-splitting and the resistors adjust the amplitude 
of the signal to approximately 1V rms, The In-flight calibrate 
and control relays are also shown for reference, 


Two different calibration circuits are shown in figure 
10, corresponding to the two different DLO's. The DLO-1, 2 has 
no provision for plus or minus calibrate (pins L and K being 
open). The Cal Zero is removed during the Plus and Minus Cal 
periods, The DLO-1lA, =2A has Plus and Minus calibration capa- 
bility. The Zero Cal is on for the full cycle, The +28 V DC 
through the 2 meg resistors provides a small + voltage for back- 
bias on the semiconductor switches inside the DLO, holding them 
off. During the calibrate cycle = 30 V inputs are applied, turning 
these switches on. 


COMMAND SIGNALS 


The Command Signal wiring for the in-flight calibration 
is shown in the simplified block diagram of figure 11. Prior to 
launch, and during checkout, a +28 V DC is supplied from the 
block house through the Power Transfer switch to energize the 
checkout relay, By then pushing the Delay switch, it is possible 
to cycle the entire in-flight calibration sequence through the 
Delay Command input. 
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SC-3-g (8) 


The In-flight Calibrate units, in all three links, can 
also be operated by a command signal from the block house, or 
the In-flight calibrate can be bypassed and the calibrate relays 
operated directly (see also figure 9). At launch, power to 
energize the checkout relay is supplied from the vehicle instead 
of the blockhouse, At first separation, however, the relay 
ground connection is broken, allowing the relay to release, 

This applies a +28 V DC from vehicle power to the Delay command 
input, cycling the In-flight Calibrate unit. During re-entry the 
de-acceleration G switch initiates the timer and 15 seconds later 
a +28 V is applied to the Command input of the In-Flight Calibrate 
units in the first two links. 
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LOCKHEED AIRCRAFT CORPORATION 
MISSILE SYSTEMS DIVISION 
XN NAVY TRAINING SCHOOL 


Contract NOp=834 
Course Notes SC-3=-i 


TOPIC : D. C. Amplifier Characteristics 


This unit will be capable of amplifying a low input 


voltage to the level required for operation of a VCO, The 


tolerances to which it must conform are those listed below: 


Power Requirement: 
Input Requirement: 


Input Impedance: 
Output Impedance: 
Signal Output: 
Frequency Response? 
Gain: 

Gain Stability: 
Drift Stability: 

. Linearity : 


Output voltage 
with open input: 


28 VDC +1%; 5.0 ma max, 
28 VDC +1%; 3.0 ma max (ungrounded) 


O to 50 millivolts from thermocouple 
or strain gage transducer. 


1K ohms minimum 

5K ohms maximum 

Single Ended 

Flat within 3 db from DC to 1.5 KC 
45 min = 55 max 


2.0% 


I+ 


2.0% 


I+ 


+ 1.0% max deviation from best 
straight line 


+ 


Maximum output shall not exceed 
2.0 volts RMS 
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Reference Well: This component serves to measure the tempera= 
ture at the thermocouple lead junction which forms the transi- 
tion from thermocouple metal conductors to copper conductors. 


This permits calculation of the actual hot junction temperature. 


Power Requirements : Resistance Thermometer excitation 
Current 
Accuracy : +3% of temperature measurement. 


Permits calculation of hot junction 
temperature to better than 1%) 
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TOPIC : DC to DC Converter Characteristics 


This component furnishes all operating voltages for 


system operation and incorporates regulation as dictated by 


individual component requirements. Operation shall conform to the 


following minimum standards of performance: 


Power Requirements : 


Output : 


Output Impedance: 
Regulation with 10% 
input voltage varia- 
tion 

Regulation with load 
Variation from 75 to 
100% 


Ripple: 


Efficiency : 


28 VDC +10% 
The outputs shall be: 


a. +28 VDC preset within +2% at 500 
ma. load. 


b. 12 VDC ungrounded=preset within 
2% at 3 ampere load. 


ec. +350 VDC preset within +2% at 
110 ma. load. 


d. Six (6) separate ungrounded out- 
puts of 30 VDC preset within +2% 
at 5 ma. load. 


e, 30 VDC ungrounded=-preset within 
+2% at 40 ma. load. 


1.0 ohm max. from 0 to 50 KC 


+0.5% on outputs a & b 
+1.5% on output c 
+0.5% on outputs d & e 
+1,0% on outputs a & b 
+3% on output c 

+1,0% on outputs d&e 


5 mv peak-to-peak on outputs a & b 
50 mv peak-to-peak on output c 
20 mv peak-to-peak on outputs d & e 


60% minimum 
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Overload: 


Short circuit: 


S0a=3—) (2) 


No degradation in performance after 
100% overload for 30 sec, 


Capable of withstanding an output 
short circuit of one second at 

ambient temperature with full recovery 
in 500 milli-seconds, when operated 
from battery or magnetic supply. 
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TOPIC : Radio Frequency Monitor Characteristics: 


The RF Monitor samples the RF power being transmitted 


to the antenna complex for a relative indication of any change 


in transmitted power, This component shall conform to the 


following performance requirements : 


Power Requirement : 


Signal Output: 


Standing Wave Ratio: 


None 


0.5 VDC minimum for a power transfer 
of 5 watts in the transmission line 


5% maximum increase in transmission 
line SWR to be caused by insertion 
of RF monitor. 


TOPIC: Squib Monitor Characteristics: 


The squib current monitor serves to indicate squib 


firing by monitoring occurrence and nominal amplitude of the 


current pulse which fires the squib. 


Power Requirement: 


Input Requirement: 


Polarity: 


Output Load: 


Output Pulse 
Amplitude: 


Output Pulse Duration: 


None 


28 VDC + 10% @ 20 amperes excita-— 
tion current 


Positive excursion of leading wave- 
form at filter input with positive 
input voltage relative to ground. 
25 K ohms + 5% 


50 volt peak + 30 volts 


Output pulse shall drop 63% from 
peak value within 0.5 + 0.2 milli- 
seconds. 
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TOPIC: Transducer Switch Characteristics: 
The purpose of this component is to transfer the source 
of data information from one arbitrary group of transducers to a 


second group of transducers by command or specific function 


occurrence. 
Coil Requirement: 28 VDC +10% @ 30 ma maximum per relay 
Contact Resistance: O.1 ohm maximum over repeated actua- 


tions at 10 ma current through contacts. 
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TOPIC: Commitator Characteristics 


This component is a motor driven sampling switch 


which serves to sample numerous data on a time sharing basis 


for application to a single subcarrier channel. The unit 


shall conform to the following performance requirements. 


Power Requirements: 


Sampling Rate: 


Pole Phasing: 


Duty cycle: 


Average Contact 
Resistance: 


Peak Contact 
Resistance: 


Service Life: 


28VDC + 10% @ 13 watts max. 


+10% of specified sampling rate 
at rated voltage 


1 degree of wiper rotation 


20% maximum shorting time 

80% minimum non-shorting time 
(for make-before break) 

60% minimum "on" time on break- 
before-make type 


1 ohm maximum 

3 ohms maximum peak-to-peak as 
referenced to average 

200 hours minimum service free 


life without degradation of 
performance as specified. 
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TOPIC: Valve Current Monitor Characteristics 
This component serves to measure the differential 


output voltage of a hydraulic valve at a high voltage relative 


to ground. 
Power Requirement: +28 VDC + 10% 
115 VAC @ 400 CPS 
Input Signal: 0 to + 7 VDC at a maximum of 0.5 ma 
Input Impedance: is, K ohms minimum 
Output Load: 250 K ohms 
Output Voltage: + 1,1 VDC + 0.2 or = 0.3V 
Linearity : 1.5% of full scale output 
Zero Offset: 0 + 0.2 VDC with input shorted 


Output Ripple: 1% maximum of full scale output 
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